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This report 18 one of a series of related papers covering various
agpects of a broad program to investigate the flow-field variables
associated with hypersonic-velocity projectiles in free flight under
controlled environmental conditions. The experimental research is
being conducted in the Flight Physics Range of GM Defense Research

Laboratories, General Motors Corporation, and is supported by the

Advanced Research Projects Agency under Contract No. DA-01-021-

AMC-11359(Z). it is intended that this geries of reperts, when
completed, will provide a background of knowledge of the phenomena

involved in the basic study and thus aid in a better understanding of
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the data obtained in the investigation.
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ABSTRACT
‘ A Fortran IV computer program for czleulating nonequilibrium

streamtube flows has been developed. Inviscid gas properties can be
obtained for quasi-one~dimensional flows followi;:g varying conditions

of pressure, density, velocity, or cross-sectional area arbitrarily
gpecified in the streamwise direction, In this program. the kinetic
rodel can include up to 20 species and 40 revercible chemical reactions.
The numerical integration method has a mathematical accuracy check to
determine step size. This eliminates the ne:d for repeated trial runs for
optimization. Controlled injection of small perturbations is employed to

run the program with some chemical reactions near-equilibrium, 1
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A cross-sectional area of stream tube A4 = 47/ic
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C. 4
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: e * th :
KL equilibrium constant of ¢ reaction
é Boltzmann constant
/
L reference lengih in streara tube
. . th .
™y denctes species
V4 Y
M molecular weight of gas mixture; Afy/ = %
Ve
J‘ number of electronic leveis includad for J’ th species
. th
;‘*{/' number of vibrational energy levels of J species
??,' number of atoms per species
vi
i




P aaa s e . S

= s s e R i . FETE s nama S el S e iy

"

/‘\fﬂ Avagadro numbsr
x . ressure; D = mi}'w
}é P ure; £ %fﬁéff )
i‘j mole-volumetric rate of production of Mj from reaction £ ;
¥
o b L
Rt 11 ff,’

@(7- ) vibrational partition function

4 . s O
,0, universal gas constant ( Kp = 1, 98647 cal/mole- i
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z time
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Tor7r  translational temperature; 7 = T, l
/ th 7; T,
7;5, parameter of g species having units of temperature; 7%,=-;7ﬁ,7
° ¢
¢ th 7 .
- ld . . a , . oM #
7;:/. parameter of j species having units of temperature; 7’,',',1 = -T:!;—
/ : + th
é{/" characteristic probability parameter of speciee with
- units of temperature; U = "'/t'
i v o7
/ L /
{/ velocity; (/ =
Us
. - . + th .
v' vibrational coupling factor of 4 species
Lt :
5/ coordinate along streamtube: (/= :Z;. , i
L 1
- th £
Ok atoms of £ element per molecule of 4 species :
? r ratio of specific heats
| 4 . . +th L. / / |
":/' concentrati.n of ; ° species in moles per unit maes; )j = ?/’ Aws') !
€  vibrationsl snergy of ;™ spscion; € n |
7 vibrational energy of 4 spicies; €/ '= FAEA ) :
. - th . 8-; '
9,3- characteristic rotational temperature of S species; J/j m-»—‘:’,-
&
: ; - g,
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o
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1 /
i) M
A = T
J R vit ?
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. X . . - th R p
}Q vibrational relsxation distance of 4 species; _;i\; =%§,
“ . . - th ; -
/ chemical potential of J spaciesd
E B
* . .. © th .. ’ . ]
2-{;,. {! stoichiometric coefficients of J gpecigs in & reaction
J p’
(c’ density; f) = =
i L
ot . L . . © th .
’{‘/' vibrational relaxation time of 4 species
N

x - | . th .
¢ degree of vonequilibrium of ¢ reaction

; . . th
€J;  vibratior..l frequency of 4 molecule

Subscripts

<o refers to vibrational equilibrium

reference condition
. .. , th :
14 pertaining to £ reaction -
- - - th .
J pertaining to J species

A pertaining to # s elecirconic level

v pertaining to 72~ fh vibrational level

Primes denote dimensional quantitiesg
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I INTRODUCTION

Current studies of hypcrsonic aerothermodynamics reqire

rapid soluticne for high-temperature properties of gap mixtures in

1echid st abe el ot barine)

the chemical relaxation region of a flow field. Normal and bow shock

wave computer programs have been written by the Cornell A:rouautical
Laboraﬁorieai' ¢ to calculatz the inviscid nonequilibrium-fiow-field gas
propertiea. behind a normal shock wave expanding alon a constant-area
gtream tube or in the shock layer of a blunt body at hypersonic apeed,
| but frequently the nonequilibrium gas properties must be determined
; behind a shock wave along an expanding stream tube with given streamwise
cross-section area or pressure variation. Hypersonic blunt-body flow
fields and nozzle flows of reacting gas are examples of technically
significant problems of this nature. To fuifill these requirements, an
irviscid nonequilibsinum streamtube flow computer program has been

e )
: generatcd from CAL's normal shock wave computer program.“

The frozen normal shock czlculations to get the post-shock

properties in the CAL Normal Shock Wave Program has been replaced

skl b otebe

by reading in all the initial conditions at the starting point of the streamtube

expansion. We allow an addit’unal variable, the cross-secticnal arez of the

streamtube denoted by the symbol A, This makes the gas deneity, Q

14

in the continuity equation a function of both flow velocity, U , and croes-~

gectional area, A. Hence, we need one mc-e differentizl equaiion. the




equation of boundary condition, to sclve for this additional variable, A .
The boundary condition for this streamtube computer program can be
the streamwise variztion of pressure, cross-sectional area, density

or velocity.

The integration method, Runge-Kutta method, which it used in the
CAL Normal Shock Program, ;Jf solving the ordinary differential equationa
i» mrodified with the Richardson's exyrapeolation to increase the computing
speed {Section III-A). With this rodification the rauning *tinie ie reduced
by mox"-é“*ttlan one half. In addition, an accuracy check is included in the
modified Runge-Kutta Method. Therefore, expericnce with specific
~2vious problems is unnzcessary for the choice of step size nceded for

accurate results. This saves computing time whizh would otherwise

be required for test runs to judge the accuracy of the results.

The ranning time for a chemical nunequilibrium-{’ow.field calculati .n
is usually quite long in a2 region where one or more of the reactions are
near ck2mical equilibrium. This occurs because the concentrations of
the species which are near chemical equilibrium begin oscillaticns around
the local equilibrium concentration values of that specieg; hence the
numerical integrativa step size should be very small to get accurate
results. An ariificial perturbation on the deéree of nonequilibrium, X/L c

of each reaction is used in this program to save computing time near

equilibrium. The procedure i3 described in Section III-B.
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This streamtube coemputer program can be used to calcalate

the nonequilibrium inviscid high-temperature properties of gae mixtures

for quasi-one-dimens ional flows and car be run NEar equilibrivm. The

boundary conditions of this streamtube computer program are the

streamwise variations of pressure, density, velocity or croes~-sectional

area of the flow field.

This report briefly discussea the g

procedures used in this program. The general operating procedures are

also presented.

cverning equations and the numerical
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I. GOVERKING EQUATIONS

In the streamtube program,
@) densxty { D
and vibrational energy ( &

nondimensional forms B

/

7,

U= L3
__t
P el

Py

(0= pl
/

A= f,,

Primed qualities are dimensional and

"ie variables ars velocity (U},

), cross-sectional area (A),

= ). The variables U, b, p

Pressure
species concentration ( ?; )

, and A are all in

(2-1}

(2-2)
(2-3)

(2-4)

subscript "o" denotes reference conditions.

. 1
The conservation equations on a body-fixed coordinate system are ’ -

Continuity Equation

dp _ 0 JU_ P dA

Mormentum Equation

L _ U
d]— /OUJJI_

(2-5)

(2-8)




Energy Equation

. P
ﬁ¢é§=-Z'Q@EQ) .A ( 9 -7}

S S S hr *
xZ“&C;»,,\-EZ(gi*Ayg?“&%)—-éﬁj
A=l A=l 4=

th
Conservation of j Speciea

aY; : {2-8})
28) = A e eer . S 4
dy Q Z Q J C*‘/ &
Conservation of kth Elemaent
= 3 d-s“
K. --—J- = = . c (2'9)
[ JI=| J& dt{ O % ‘/ ’

Boundary Conditicn

The equation for the streamtrbe boundary condition can be any one of

the following:

dA dac,cy) (2-15)
Ay "~ Ay
d ; . 60 B
de _ 8¢5 |
ay Ay (2-12)

du _ A4 BC4LY)
Ay

(2-13)

Where BC(Y)  representc U, P, 0 or A as a function of Yy either

| in a polynemial or tabular form.




Ths temperature is computad from the squation of state,

e B A (2-14}

1‘3

The reversibie chemical reactions in the stream tube program involving

the specius Mj (j=1,2,3, ..., 5,) are represented by

'
) E S ¥
A =2 A -
J‘Z;, Zy M % . J‘% 2y e

where 2/ir and Z/Ej' are the stoichiometric coefficients.

Y
Let
*
= e g (2-16)
Py =i - 2
S
Pﬁ -cﬁf (3{-/' (2-17)
and
3
Y, = % z/{l‘ | (2-18)

]
The equilibrium constant K { can be expressed as a function of the change

in free energy

']

AF.-
RoTo ~- P4
ki=e “Fwiwr" 2-19)
where
AF 3 .°
=2y @20

Y

6 where /A% is the chemical potential of the jth species at standard pressure.




=3
Based on the molacalar model of a vimple harmonic osciliator, [4‘3 can
i
be given as

(z-21)

! w}:‘g_‘~{aJ45+2€n!-_t)iMT+(,_3}._5)£“{
-(Et /v @
; + 0 [gjﬂe ( h
T

it 3
where gj!ﬂ J v

{
= e‘re"'ﬁ)] ’

. St 2y =1) g
aj = bj + . Ll T (2-22)

and

i

b = 20 () 4 ph= o)l e e 2-23)

rate of preduction of species j from reaction v , Qt) , can be calculated

l' In the equation of conservation of ‘jth species, the molar volumetric
\

i by

3

4 = £ Y05 /3/9'7' Pﬂ[éF«((p) ]
G W[f[p&'&&(p) JZ(?/) ! JC;}“ I{ Mu’ Jf(“j(giﬂ

’ ;3! $ ) .
2, [Ipghi, @75 28540259 1%, ]

where W, . DI , and ZI may be 1 or 0 and 1’; indicates the degree of

P

norequilibrium, The first term in Eq. (2-24) (WN; = {,D;= ZI =0) provides
for a particular nonreactive collider in the chemical reactions, such as E

C,+ 0 = RO+0

siniild Bl s sttt ittt

The second term alone in Eq. (2-24) (pz -/’ w_rnz[ef)combines all ccllision

partners, such as (J, +M = fO0+M . The third term alone in Eq. (2-24)

(212’ Wz =D, = 0) is included if some subgroup of species are lumped 4
¢ £

together a8 a ningle collision partner, such as NO+M =N+O+M, .
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B.

4
1

The variation of vibrational energy can be expressed as follows: L2

Nonpreferentiai Model

Vibrational Energy Equation

ae, _ e, A Gy

G,
2}7‘ ST [ [ 27

/ Affg/?‘.,,‘- -

'8 \,

5 yeu %L {r["(/\c -f)& f- éfz

'J.’ f“/’ ‘.'i 9

Preferential Model

Vibrational Eneri\LEqua'tion

;‘?,M.;’(%,f’ff.éu&_f’" '{x

where &,

'J{'

'A-/ g =%

X,

{2-25)

(2-26)

(2-27)

12-28)

(2-29)




and @} is the vibrational partition function.

rotbele

Vibrational Coupling Factor

o _ARCTE)
I e, G Y)

{2-30)

The enthalpy and specific heat are given as

IZ Sitde€

-(&1/fr)

) £+4320n, (1) 6 bt
= [ LD T '57,—,‘ If ey
Gie ©

J:l,z,....,‘)c, g+1,...,8 (2-31)

where 'HJ- is 1 or 2 and denotes thie number of atoms per molecules,

9’;[/7'

[———&(-'PJ:—'-)J -+ (’h —|)( 9‘{‘ )( By /1 !)l‘—

" _Eis T 31151! "#'
(&% "Il ﬁ.ﬁjz(;‘%&)e * |-t #] A Jg-s)
8 -(Eu/‘r)]

-

AT

For vibration ‘nequilibriur the second tern. in Eq. (2-31) is

written an

‘9\/'
(M -‘) '(0\;7;;—""'

. e

and the second term in Eq. (2-32)should be omitted.
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I NUMERICAL FROCEDURE .

The procedure for solving a set of 5£mu1taneou§ uvrdinary differential
equations of first order is to solve for the derivatives of every variable
with respect to y first and then integrate streamwise to get the
properties at every point. The mddified method of elimination (Guass'
method) is used to sclve the set of simultaneous linear equations
for the derivatives of every unknown with raspect toy . Then a fourth
order Runge-Kutta method with Richardson's modification (See Section III-A}
is used to integrate along the streamtube. This integration method,

Runge-Kutta-Richardson's Method, has the fellowing two advantages:

1. It is very easy to put in a mathemalical test for an accuracy
check without spending excessive computing tine . With
this check to determine the starting integratice step size,
uncertainties in the choice of a proper initial integration step
gize are eliminated. This saves considerable computing time.
2. With the residue modification, the integration step size can
be much larger to get results of a given accuracy. This will

usually increase computing specd by a factor of 3 or 4.

In the relaxation zone of a complex reacting flow field such as an
air flow, some of the chemical reactions approach local quasi-equilibria
(i, e. 'X‘L ~»= 0 ). In this ve_lcn, the concentration of some or all species

may fluctuate around the quasi-equilibrium concentration of that species..

e T e
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Hence, the integration step must be restricted to a very srasll sise to

guarantee the accuracy. This slows down the computation very much in

the loc 1 quasi-equilibrium region. A method involving artificial perturbations
on the chemical reaction near equilibrium (See S«ction {II-B) has been
developed, With this method the nonequilii:;rium program is usad for

rapid calculation through the local quasi-equilibyium region. In the
pertarbation method, the outer bandwidtk Around zero of + 0.1 and the inner

bandwidth around zero of + 0,05 are recommended. Section III-B gives

E

definitione of the bandwidths in the description of the method.

The boundary c¢ondition for this streamtube prugram is sither in
polynomial or in tabular form. When it is in a tabular form, the derivative
of the boundary condition function is first found with respectto Y by
a divided differences method. Then it i integrated to get the boundary
condition function for each y- To solve the set of simultaneoue differential
equations, Eq. {2-5) to Eq. (2«9), the derivative boundary r;:ondition function
with raspect to _y must be evaluated. -2nd also, the derivatives of every
variable are solved with respect to ¥ first. Integration is then carried
out to get the variable values for each Yy . That is why the derivative of

the boundary condition function is obtained from the table instead of inter-

polating directly from the table fc. each interval. In this way, the boundary
values obtained by differentiation and then integration will usually not be

exactly the same as the boundary condition values directly interpolated

from the table. For some caseg, a boundary condition function, such as

11
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m

Hinil




.
o 1)
il
h
i {00

1
i
f

pressure, may decreass with ‘}! in 2 few orders of magnitude from the =
beginning to the end of a region we considered. In this case, the cumu-

lative errors will be very large near the end point, if there are very

small errors in the beginning due to the indirect way to get the boundazy

condition value, To correct this kind of error, the boundary condition

function is also interpolated from the table directly at every point and

is used as the current value instead of the vzlue from integration after
each interval, With this correction, the boundary condition will foliow

the prescribed boundary condition function.




A, RUNGE-»KUTTA»RICHARDSON METHOD

1. Introduction

The Runge~-Kutta mnethod is one of the popular methods for solving

3,8 _
first-order ordinary differential equaiions numaricaliyn’ For higher-

order differential equations, every higher-order differential equation is

usually represented by a set of first-order differential equations. Thus,

the Runge-Kutta technique is aled applicable to highes.order ordinary

different.a’ sgnations.

When the Runge-Kutta method is employed ro solve differential

equations, the accuracy of the results will vary inveraely with the integraticn

atep size. To ascertain the use of the proper integration step gize, after

gize is halved and the integration ovar the

{3t

each step is completed the step

whole interval just completed is repeated. Then, by comparing the reami!

o e st 3 o (A RSB S B T MM LA B B | ST it 15l o e T R * 75 . i
it e Tt T AT B SO T T e T i s il i
P4 i

fo3tep size and integrated

L

of the full-integration step size wivh the one with hal

twice, we can find the deviation of the result by Runge-Kutta Methiod from

the exact value for this step and see if the step gize we just used is proper =

or not in this rejion. huovever, this kind of mathematical ¢heck of the

Runge~Kutta method usually triples the computing time.

In aernspacs fields, many problems require the numerical rotutica

of a set of differential equations; for axample, the ~alcuiation of the gas

properties for a sonequilibrium flow field arouna a blunt body. For this

problem, CAL has a computer program. In that program, they uae the
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Rungs-Kuita method to solve a set of ordinary differsntial aguationa

numerically. Since this is a very complicated probilem and requirss very

much computing time, they omit the matherrsti~al check just mentionsd and .
choosge the integration step size by ~xperience to sae the computing time.

When this computer program iz applie. to an uwofamiliar problem with naw

initial conditions, the integration step .ze must be chosen by iteratica.

This iterationprocedure consunus much computing time and turnarcund tiwe,

In this section a method is derived for mudifying the Runge-Kuila
rusulte by Richardson's extrapolation. Furthermore, the mathematical «heck
is added to ontimize the integration step size. Since the proper integration
step size with the modification is larger than the one without modificstion,
the total computing time is of the same order or even shorter than the
unmodified one without mathematical check. Thus, when this modifization

is uaed, we can got more accerate resultz with less computing time.

o Richardeon's Extrapclation

The Runge-Kutia method iz based on the ‘zylor series expausion,

We have a differential equation

AY _ e
= Ly oy 4
AX T,y {3~-1}

PP 4 ~ S ni bl 142 — pll
with the *nitial condition Y= Yo at x= X,
SuS0s @ thr - Lewiin” of Ea, (3-1) is

v =F{X) ‘ (3-2)




We can use the Taylor series to expa.d Eq, {3-2) as a funciionof F

and X tothe N - order.

W
} - f h {-&!,‘ F * 3“3
yu Bl +h PGy + o0+ 2 ™) +R .
where
X, = the initial value of X
h = X =%,
oy
__h i)
R (N+1)! F (‘f)
g = a point between X and X,
R Whan we use the fourth order Runge-Kutta method, N =4, the remainder, R,
we neglected is
. 5 :
- o N (52 -
R=—L- E9Q) (3-4
The dsviation from the exact value for each step is
5oy 15
" Kh -
Dey). = F6) (3-5)

If the atep size, h , we used is not very large we can cousider this
deviaiion tc ba propartional to fthe {ifil: powsr of the etep size, h , only,
Or we carn write

(Dex), = K =h® (3-6)
where K iz a conatant.

If we choose half the slep size and intmgrate it twige

(‘Dcv);.w}((%) x2 = Kesg (3-7)




Tl residue, the difference betwesn the deviastioa from full
integration step size, {Dev) X to the one with haif integration step
size, (Dev)z, is
Residue =(I}evA -(De%
- 5
=k (r'- £
= 2Kk
15 (Dev), {3-8)

Hence subtracting one fifteentb the residue from the result
obtained by using half integration step size and integrating twice will
recover the exact value, if the deviation for each step is proportional to
the fifth power of the step size. This modification is the Richardson's

4
extrapolation.
The procedure of using Richardson's extrapolation is as follows:

Suppose we know the function, -F( X, Y ), in Eq. (3-1). Using the
Runge - Xutta method, we integrate Eq. (3-1) from ’Xo to ’Xo+h with a fall
integration step size, [} . We get a result, Y=y +Y, at X=%,+h . Hwe
integrate Eq, {3~1) again from X, to X ,4h with a half integration step ske,
h/2 . We may get another result, Yo=Y+ Y, at X=X, th . If the step

gize, h , is smzil enouwih, ,Yu may be equal to__\)a.. But, usuallythey are notequal,

16

i)




From the dafinitica of residue, Eg. (3-8}, wa haw

Residue = Y, ..yz {3-%

Hence, with the Richardson's extrapciation, the result should be

\/
J

So * yz -(Dev}g
Yo + Y, - Residue/15
Yo + Y. -y, =¥ ) FL2 (3-10)

This result ahould be very close to the exact solution of Eq. {3 ~1}.
When we use the Runge~Kutta-Richardson method to integrate a differential
equation, if we can make Residue/ yl =Y, - Y, )/y! < € , then the
deviation of the result from the exact solution should be much smaller

than € . Yence, we can use the residue test, Residue/y‘<‘ €, ara

procedure to control the integration step size. The residue test takes

very little computing time.

3, Examgle

Suppose we have a differential equation

f_%"“ZX+37<1*415+57<4—6X5 (3-11)

with the initial condition
Y=1,atXx=0
The solution of Eq. (3-11) is

Yo=1e x - Xt xdl xtaxtoxe (3-12)

We can use the Runge-Kutta method and also the one with the

Richardson's extrapolation to solve Eq, {3=11) numerically at a different

step size to see how much the Richardson'a extrapolaticn will improve

the results.
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In Table 1, AX = 0,8, the results cbtained by strictly Runge-Kutta
method are accurate to the 3rd digit. The results with the Richardsons'

extrapolation are accurate up to 6 or 7 digits.

In Table ., 4X = 3.2, the resulte obtained by the Runge-Xutta
method with Richardson's extrapolation are even b:tter than the results

by strictly Runge-Kutta method with AX = 0, §,

4, Conclusion

From the above zxample, we can see that in Table 2, the AX
we used is four times the AX we used in Table i. That means the
Runge-Kutta method with the Richardsons' extrapolation we used in
Table 2 consumes the same order of computing time as the results we
obtained froem the unmodified Runge-Kutta method in Table 1. Hence, with
the Richardsons' extrapolation we improve the results and imposs a
mathematicazl check to assure accuracy with the same order of computing

time.

The 9pace needed for this modification with the residuc test is very

small in an actual cornputer program.




TASLE 1o NUMERICAL SOGLUTION O0

X
0,0000000E €O
8+ 0000000£-01
1, “700000E OO
2+400000CE CO
342000000 OO
44 0000000E 00
4 +8000000E8 OO
S+ 5000000E 0O
$040C0000E 0O
7.200000C0E 00
50000070 00
B8¢8000GGOE 0O

9.5000000E 00

TABLE

X
0, 0000C00E 09O
3,2000000E €O
6,40C00060E 00

9,&6000000E 0O

2e

YIEXACT)
1 ,0000000E ©O
1 «3279360E 00
-84 7690553 00
-13319032E 02
~8418327T00E 02
=~3,2749997E 03
-1.0120C38€ 04
-2.61662508 04
~5,9431183E 04
=1+2232264E 05
-2 e¢3301495E 05
~441701388E 05

=70891059E 05

NUMERICAL SOLUTION OF EG.

Y(EXACT)
1 «O000000E 0O
~-Be1632700E 02
~5,9¢31183E 24

=7,08910%9% 03

EGs (3-11}

YiR=-K}
1.0000000E 0OC
1,30688213E Q0
-8e8128207E 01
-123344428E 02
-Be16TIHSBE €2
-3.27S7503SE 03
-1,0121137E 04
~2+6167761E 04
~-5F453173E 04
-1:2232518E 05
-2+3301809E 05
~31701773E OS5

~-7.0891518E 05

{3=11)

Y(R=-K)
1.0000000& 00
-9 ¢36563T6E 02
~5,9940101E 04

-7e100THTTE 05

(DX=Ga81}

Y if-K=R}Y

! 2+ 0000000
13279360
=84 7050547
~13319032E
~-8¢ 1 632698F
=3:2749995E
-1+0120039E
-2 26166251E
-549431184E
~142232264E
-2~3301495F
-4+1701390E

-7008%91060E

{DX=3e2)

Y IR-K=R)
1:00G0CO0E
-8,1632703€
-342431188E

~T74GBYIOTIE

00
o1
o1
02
02
83
0a
08
24
0%
05
os

05

00
o2
o4

05
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B. PERTURBATION METHOD ON CHEMICAL

REACTIONS NEAR EQUILIBRIUM

In a gas-mixture flow field with variation of therinodynamic properties,
the chemical reactions tend to maintain the gas raixture in chemical
equilibrium. Let us represent the set of chemical reactions involving the

species M) (j=,l. 2, ---5) by

£
3 F. 3 ¥
Z —2s Z . ;‘“ vE (3-13)
\/ fB‘ J'.‘.l J J

» . *
where i = 1,2,3 --- r is the number nf reacticons. 1»‘_'[ and }fu are
/ ’
stoichiometric coefficienta for reaction i. %F' and ’%5 . are forward
L %
anc reverse rate constant respectively, The 'éﬁ‘ c¢aa be calculited

from the iocal vibrational equilibrium rate, &Fim’

ﬁFI = f/,: 7 (t ) (3-14)

A 2 y=/
wheze VJ ie the vibrational coupling factor and A‘-)' may be 1 or 0, denoting

which reaction L will be affected by the vibration-dissociation coupling process,

The net volumetric rate of production of species j from reaction ¢, &..

AJ’

is given by

¥ ¥
-t R N Jox
Q, ...pu[ﬁf PP Ty pw | e (3-15)

o=t o om?-Sev
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L & ;¥ R
where =2 20, and 2= E ¥
PEL mEy =

L

Since the equilibrium conetant

, »
k‘f-_ #p.;w — '&F’x

A Sy -
Eqd3-15)may be rewriiten
@{If =B QF: ¢ /7’:‘% ;,;/"i‘%‘(. (3 17)
where n }/; 2}:.}. ,8A _dé»_’ e
and
Vo / WBis B 3.
Ki=/- ——— ) 7)) =

The 'Kj is refsrred to as the degree of nonequilibrium of the i,ﬂ"‘
reaction. When the reaction i is in equilibrium X" =0. Otherwise, the ﬂ{,i

wili have the values between ! and - w, excluding 0.

In the flow field of gas mixture, if the chemical reaction time ig slower than
the time characterizing the variation of thermodynamic properties in the flow,
the concentrations of the species rear equilibrium usually vscillate around

‘ the equilibrium values as shown in Figure 1.

21
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— — — Equilibriun values

CCMPL'M ‘ VC\“ ¥ iq.ﬂu‘x;*‘

_"t'a; - 'vw
}II
Figure 1 Variation of Species Concentration Near Equilibrivm

Using the Runge~-Kutta meihod to calculate the concentratic

of species along the streamwise distance, y , the integration siep size

has to be smailer than the distance between two adjacent relative
maximum or relative minimum points in the actual concentration curve
to attain the desired accuracy. Near equilibrium, éhe distance in the y-
direction between two relative extremes of the species concentration

curve is usually very small and derivatives become large. Hence,

The A - variation of those reactions near equilibrium is very slow
along the streamwise distance, Y b. Also, in this region the values of
X, are very mear zero. As an approximation, we can set 'x{ equal
to zero., Since the %L ve y curve is nearly flat, the results of this
approximation will not deviate too much from the actual values, but with

this approximaticn the integration step size can be =uch larger. The

scheme of this perturbation method is as follows.

22

the computer running time for a flow field at near -equilibrium is very long.




Two specified bandwidths, 28 and Z€ ave plicsd around <. =0 in

the At vs y space whers ® isless then € , We Luep checking the
M. -values at every integration interval. I the previous %{‘ ~value is

not zero and the current i’él calculated from its algebraic definition

(see Eq. (3-18)) is smaller than § , we sst Xi =0 which makes the @ij =9
from Eq. {3-17). This term is omitted from the summation in Eq. {2-8) for
integration, and the reaction it represents is temporarily and artificially
frozen. I the fX.éI calculated frora Eq. {3-18) is equal to or greatsr than & ,
then the currenily integrated % -value is ased. If the previous X, -value
ie ze70, we set %i =0 for ixil less than € ., Otherwise, the calculated
value from Eq. (3-18) is used as tiie updating %;, -value. Thus, those nonzero
;xﬂ -values less than € never entet the integration. When the chemical
reaction moves away from equilibrium, calculated values from Eq, (3=-18)

are used until its le excecds lel . In thie way, inetead of using one

5 -band, we can avoid ths rapid fluctuation of the !xe! -values from 0 to the

calculated value greater than 2 and vice vers:. This %L -test i8 an
empirical method. Hence, the bandwidthe for g and € should be
determined by experiments for each particular class of problem. Experience
is gained rapidly and fixed ® or € values work for a wide range of
conditions. Far 1esa~high-apeed memory storage is required for this method
than for a separate analytical perturbation code. With the streamtube
program described above, most of the available ceils are occupied so that

the artificial perturbation X, -test represents a significant advantage. It

probably obviates the need for a chain program modification in this case.
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IV PROGRAM DESCRIPTICN

This program is written in FORTRAN IV for an IBM 7040-44
digital computer. This program requires spproximately 25,020 memory
cells and at least two magnetic tapes for the nortaal outputs. The sy#tem
at GM DRL is composed of a 4K ceptral system monitor, with 32K of
core storage, 8 magnetic-tape drives and a 1611 card read-punch unit on
channel A, With specific sente switch settings, we can select optional
outputs on tape #2 and tape #3, The gense switcl settings and tape
requirements are as follows: )
A. Sense Switch Settings: ‘

#1 - opticnal cutput on tape #2 of a.i:ecies thermodynamic

and chemical variables

#3 - optional output on tape #6 of the array of coefficients ~
the set of simultaneous differential equations
#4 - optioral output on tape #6 of the derivatives of boundary
condition function with respect to Y
45 - optional output on tape #3 of the molar rate of production; @;}
#6 - include Xig.,=1 . 1" ) in each result paragraph
on tape #4.
B. Tape Regquirements:
Output tape #2 (optional output), Tape #2 is written only
when sense switch #1 is on and DUMPIND (input variable)
is set equal to 1 or 4. A paragraph of species thermodynamic

and cheitical variable is printed for the first Runge«Kutta

24
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Output Tape #3 (optional output) - Tape #3 ie written only
when sense switch #5 is on. For sach success step &
paragraph of the molar rate of production of species

{ j:.- C+l,...,5 ) from all reactions L, @ij , is printed out.

Nutput tape f4 (.ormal output) - A paragraph of results for

each printing inverval iz priatcd out.

Output tape #6 (normal output) ~ <rror massages of failing
test are printed out on tape #6. Whes sense switch ¢ is cn,
the derivatives of boundary condition with respect to y

are printed on tape #6,

The chemical system of this streamtube program has a capability

to read in forty reversible chemical reactions {=1,2,3 ,., , r )
and twenty chemical species ( } ={,2,3,,.., S ). The apecies are

subdivided intc incapendent species, the eiements | &k = 1,2,3, .. ., C IR
and Jependent species \) =C%l,..-, 5 ). In the dependent apecies

we -can have some diatomic species { J = £+1 L e, S )} for which

vibration nonequilibrium are conside.ed.

Vitu thie program, we can puf more than one set of etreamtube

calculations in one run. There is one data card right aitcr the fir. ect

25
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af cata =2avds to foll bhow many 3215 of data we have for this rar| wa

wut 2ll e gete of Sata right cfter 1D in ore deck 2nd run them, When &

streamtube thore s¥e twoe normal termination conditions, One is
Y < y //L/ {input variablej. The other one iz Ta, < Thun,
ysput voriable TEST,). At normal .2rmination, the following line will be
2

printed o wape #6

RUi. (run no.) COMPLETED

There are two possible error terminations. One ig due to the
zero d-terminant encountered in the set of s:multanecus linear differesntial
equ§ti:ms. The other one is due to Ayn § A“\l T IR If either
occurs, the error messages are printed cut on tape #6 and the system
will go on to process the next set of da?a. If the error terminatir 1 occurs

in the final set of data, this run is finished.

s
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APPEND’X A
INPUT FORMATS

First Five Cards

Species Thermodynamics
Chemaical Reaction System

o jl. Matrix

Initial Condition

Boundary Tondition

Boundary Condition Poly nomial
Boundary Conditicn Table

Number of Data Sets

Pa.ge
A=l

A-3




3
]
;
;f

bt

APPENDIX A mpur FORMATS

¢ 5rdsr and format of input data cards are givza in detaiy

First Five Cards

First Card - Format {Ab, 813, 2E10, 4)

IRUN run number

s number of species in the g28 mixture

r number of chemical reactions in the gas mixture
fq define vibrational aonequilibrium group of species
¢ number of elements

B.C. Boundary condition, 1 » U, 2 #C?, 3oba 4 A

., E'INL electronic excitation of the species, 0 —nq, 1 —yeg

DUMPIND optional output of ith step of Runge-Kutta, 0 =¥ none,

1 2first, 4 » 3]

!
starting interval, in ¢m
Aj Start g !

/
ys-h? value of y' to stop computation, in cm
Second Card Format (8E9, 5)

—— 1t vard

! b - 2
P reference pressure in dymne ‘cm

/ o 3

(oo reference density in gm/ m
/

T, reference temperature in °K

Blank available for further information

A’ initial cross-sectional area of Btreamivbe in om
< ) .

bakidglis ) ik et e 2

[ RN




Third Card
TEST 1
T}?_,STZ

TEST3

TEST 4
TEST5

Fourth Card

Fifth Ca&

R

TEST11

c
TEST 12

TESTH'

TEST 14

'I‘FJST15

referance velocity in eni/sBee <1
refcrence molecular weight, in gm/mole

reference length in cm, umally one cm

Format {(5E14.7)

rumber of output result paragraphs per page

value of temperature that terminates the computation
percentage change in T allowed for each interval
nalfwidth of outer X(test band, usually = 0.1

half width of inner 7{;test band, usually = 0.05

Format (€14.7)

blank

blank

blank

first val ue of Y to be printed after the initial value of y
nondimensional,szy; /L,

printing interval, 4Yu= Ay'? /U

Format {5E14.7)

number of successful sieps before replacing Ay“ by Céy,
C, step size increment factor

blank

minimum Ay aliow~4d

maximum 4 Y allowed

s o




il dliatiile

basebibbacrdsedesirtid Fibnd b

PRV TRRNH Fourroro oo

TR e
|

Spec 8 Thermodynamics

There are four cards foreach of the j = 1, ~==un , B #pnciss

First Card

n
J

b,
J

Blank

Second Card

< aJ’ TbJ}
Cejr 4

SPECJK
Third C ird
M il

dir

_F ourth Card

€t

Format (EE12, 6)

number of atoms per moclecule, one or two
conztant for chemical potential calculatica
characteristic vibrational temperature, in x

heat of formatis.a, calorics per mole

number of vibrational levels for harmonic oscillator cut

off at dissociatior energy

available for further species description

Format (4E12.6, 4A6)

describe vibrational relaxation time for speciss in

the f + 1 =g group;

RPN dtnes-
’ZA; P (j )@ ] le - Fe<

jth species identification

Format (12, 8FZ.0)

number of elziirconic levels of jth species, f=1,
th .

degeneracy of each,l electronic lavel

Format {8E9. 5)

energy leveis of electronic states in cal/molecule

Chemical Reaction System

There are two cards for eachi =1, ---, r reaction.

*

i
| !
i

B

bl

---, 8




p’l_ a

Roond
o
-
u'!!;”.:
Mj
i
Gk
-
I
ok
Im:j
oot
L]
el

First Card Format {3F2.6, 20F

] foentas .
Wr, zz,p.‘i: denotes which ;}j relation to ues

*
2/‘,] cight-hand side stoic hiometric cosfficient of
species} on reaction ;

4

left-hand side stoichiometric coefficient of spe-iss j

)

on reaction }
A A) denotes which species ie involved with vibrational
dissociation corpling of reaction 4, 1 +»yes, ( +no
Second Card format (14, 4E14.7, 2A6)

KFIIND denotes direction of input reaction rate constant,

O +forward, ] +backward

Aﬁiw,Bﬁim,

Ca.. Déico reaction rate constant
s,

&

& G
P £ cm com?
éﬁ%{rﬁf “ 5 AAA&‘(T ) &'P [ - ( ra g )ka‘; rdle-sec 97 pote ’:’;‘ “

. e - .th .
SPECIK identification of i roaction

A ¥ Mairix Format (20F2. 0)

Need one card for each 1&= i, --=-, ¢ element tc describe all
spacies by the slements

Initial Condition

First Card Format (3E14.7;

Ore card for every five of f + | -»g gpecies. Iff = g, omit this card.

o

gj vibrational energy ofd' species

i

5
; \ir‘ \




Second Card Format (5E14.7})

ettt

One card for every “ ¢ apecies

2 . 2
Y  concentration of ; " epecies, nondimensional ‘“5\" :Wj ¥MW¢§

Third Card  Tormat {5514.7)
/
Ni starting distance V=2 Y /;,,’
1yt
T starting temperature T = T/
. 4 ‘
P starting pressure =P /( (}:, uas)
7 f
P starting deneity g=2¢ /C.,
X i I
L starting velocity U=V /\ Uo

Fourth Card Format (5E14.7)
Mw!

MW
0

MW starting molecular weight of the miixture, MW=

Boundary Condition

The boundary condition can be read in either in tabular or polynomial forms.

First Card Format {213)

NOR number of the polynomialsor number of cards for the table
IPOT polynomial or table indicator, 0 = polynomial,
1 —»table.

Boundary Condition Pclynomial (IPOT = 0)

One set for each polynom:al

First Card Format (I3, 2ZE14.7)

IO0OP order of the polynomial
REST starting coordinate, y, of this polynomial
REND ending coordinate, y, of this polynomial

A=

=
5
=

i

Iphy*




Secend Card Format {5814, 7)

One card for every five coefficients

COoP coefficient of polynomial, starting with the lowest
degree coefficient

Boundary Condition Table (IPOT=1) Format (14,7

One card for each TV
TY coordinate value

P corresponding value of the boundary condition function

Number of Data Sets Format {12}

ISTOP number of data sets for this run. Only need to
pat one "number of data sete" card behind the first
st of data.




APPENDIX B
FLOW DIAGKAM

Eage
501 MAIN PROGRAM B-3
$02 Subroutine START B~&
803 Subroutina READIN B
S04 Subroutine WRITE 1 D8
S0& Subroutine WRITE 2 B-G
sS66 Bubroutine MATRIX B-10
SCTA Subroutine DER =11
S07R PREFERENTIAL FLOW I, II, I B-15
S08 Subroutine SUBI1 B.18
509 Subroutine SUB2Z B-19
S10 Subroutine SUB4 B-20
S11 Subroutine SUBS B-21
Sl2 Subrcutine SUBS B-2c
513 Subroutine TEST1: B-23
S14 Subroutin:s TEST2 B-24
515 Svbroutine TEST3 B-25
Sié Subroutine DVRFLW B-26
S17 Subroutine LCOUNT B-27
si8 Subroutine STOP B-28
519 Subroutine SIMSOL B=29
520 Function DERT B-30C
521 Function YINT B-31




APPENDIX B FLOW DIAGRAM

The detailed flow diagram of ali subroutines used in the sirezme

tube program are presented in this section. The A= finitiona of e

symbols used in the flow diagram are given below.

Direction of flow

The beginning or ending of a program

O Connector. To connect parts of a flow chart,

Decision function. Branch to one of two or more

alternate paths is possible




B-2

-

% _J or working block of inztructions,

'

i Call box, Tu call a library or closed subroutine.
i 4

1 Processing or operational box. Descriptive

——— e S S




e s = - e

so1 MAIN PROGRAM
N P 5380
START 000 {1 .
) (9 o e
\7/ - . ? .
| | sce0 By =vij-ryj jais
{ 1stakT=0 14 [ caLt } ™ Vis Ly
. i J=t
{ ASIIGN 1&¢'=5000 \ ST
(_ASS o 5-!.\51_/ ﬁ"'i(ﬁ-"
4 oy =ty
5001 ¢ . AJ
A8 ( CALL 7000
: _}E \ READIN / FOR j=1.5,1
i . . ! ’
o iy =Ej1 /(3.2982E-24<T)) L=1 9,1
===t EEC(h) =0
IEXT 1= TEST, EEC(u/T) = o
(C4+1) = c+1 EEC(¢) = 0
($+1) = £+ —
(G+i) = a+1 7060 d
’ !
£ = ¢ | C,®RaTe(4.132288)
M=44549-¢ '
Ml M4+ ek ‘
MY = S4g-£ | Feri=t,r 1 )
. MX1 = Mx+| PBIAIN IN FIx PFINT
5%0} MX 2 = MY +2 Py a=1,5,1
- AL L MAZ = MX+3 ; '
. MX4 = MY +4 '
MATRIX | MXS=,x+5 Vi ¢
5310 ] 3561 ¥
ay=e | K= K/Ao
Ysvds * Yorge /U
’
R, =1.98647
Nw LU T OMg)
T 485014ETR)TY
C = MY
(U )2
$.8.C.=
Lo 5 Y
XF: = 6.C22¢45 WRITEZ QUT ON TAPE €
Ra T RUN SKIPPED ‘
(A= 0.5(Us J(MuS)
' 4185014 ETxRT,
v
NPKEY < T 1.0 500@
P.t
5340 |
FAR j=1,38, 1
GVJ’E'IVJ/T.’
[ hi = hi /(RT,) | ’ - :
’ A =bi (s 200 - AAT,)/2 | Bl F
|




A4

R et e AL SRR

MAIN PROGRAM

(0}

lﬁ-

S PrETCl g
. “Ee

“'ﬂl |
¢ Eoa o
- <}

1 n d

Wiy o) 2

o
i

IRAI=N&R-|

———

e

ety ILS |

wannd

Lo(?_RAi— M_’L
™

JN R

sele &

( | \
AZT( &ﬁP)-Ymp—-,

{Pags 2 of 3)

£121

5730 i

FOR j=1,4,1
XIAZ (i)=0.0
FOR j= {,z0,1
XIA3(j) = 0.0
*IA4(i)=0.0

hel '
o }+{ 5255)
B
@-——A FAI>
x1

e 7
5 = ey e )

5820

N

P.3




sSei MAIN PUOGRAM
‘}i :_ \ ;;}v?;i;":_f lﬁ‘x\‘\; i
198L0—="_ i ¥ -
\\‘-‘; "I_‘_x P
=1 o i
- $#NC
—«:n'"’ ’C*‘w\t >——-'
T
I ‘
Y=y T=T |
- N @=HW U=u \
< g-(fe) >u— B=p  B=p
o A=A
_°F | Bj=% =130 |
5 @R j=1,3
|_€i=€ |
|
i AV = _"31 —
2 &Yy NE o
5840 l
FER j =§+1,9,1 -*O/K
“"“*”355—" -*%(ﬁn >
DIL S T . \\/
€1 = €]+ PR -
=T 2 {
FOR j=(,S,LT.
= A
L——-—"—-—-—b &ut .V ay
Eduu&u‘.
¥, = ¥ + Bt i
6029
"1, =AY 9’-;-1 wt.:re
e zdub&“& ffgn@

# = &; +pucky £78

&1

) o
. A T ——@@

P2
30

FOR nitl,g.10 2

€. =€; +AE

\ - ‘

R

{Page 3 of 3}

£170

8210

R 5.1

UsDsal emT+a
pmPsap Aﬁé%&&i

&2 .
Y
T= B!;jﬁx f“L

Y=Y e,=0 6242 -
Ui=U  P=p NC=2
MW=MN A=A
Wj=Ty i= 1,51
ez |
P ,/’"\
F U - 5614

CALL

i\"TE:,.'ﬂ _)(f_,/

IFAIL/,

#0

=0

=

€= €j+(€ ~€ /5

‘{;ﬂ‘efjf(’fj-?g)/:s
U=U+{u~0N5

e=g+(p- 2, V15
b=p+(p-p)/15
A" r&.“ A As’}/‘:

TR,
i

B-5

T

—




562

T T g

—

1

icoo

bl

3:;‘,26,1

TR

R

il

(it

i1QO

2l

LBF2=0

‘W

RETURN
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SUBROQUTINE READIN

PUN’

5,0,

READ F}.RST FIVE CARDS

S, C TIBGP, EE EDUMPhtx,Q}%n&ﬁ Yy@p

{)a P‘”To, '5'0, A UaiMWo)L

LT:ST*:, 1,158,171 (5 PER CARD)
8o {
[ 3=1 |
1190

J

READ F@a ;¥ SPECIES THE FELLUWING 4 CARDS

ﬂ'/ bj’ av‘\} J:’ N‘;; ke.,

Ta;, Tgj, Ve, Tpy, (24 COLUMNS OF IDENTIFICATION)
’m_;, g3t £=1,8,1
| Ejt 4 =1,8,1

__)\~ N . s
<,j=8 =g+

1270 YES

F@R EACH n’ACT*QH vov=l,r,

Wi ,}!;;D;;\vij j=1,20,1), ¥y j=1,20,1)CAy j=1,20,1
KELIND{ , Adioo, Biieo, Clim, Dhice, 2 WERDS #F mmn.cxcmms}

READ 2 CARDS

1320 ¥

B CARD |
F@R cAcH & A =l,C,1 READ i O/
Wik im 1,51

IZ=olil

|

1

READ INITIAL cmDITmNS "

gJ- jght.ﬂj q. (1F g> € ;

= i

¥ i= o . 5 ’,\.‘/ |

V,9,9,0, 0. MW ]

[READ neR, TpeT ]

1279 1385
READ B, C, PELY. READ B.C.TABLE
FOR &= 1, NER, | o -~ ~. + FOR i =i, NeR,!
TSP, , REST , REND IPRT 2> rvi TR '
CHPL; 3=, edpi41)
L2 2000
N £ SUTPUT TAPE » 4 AlL INPUT DATA
RETURN s

(v, U5, Aij IN FINED PRINT FORMAT)

Ba7

T

ret ey

E
L
:
£
E




+»i WRITE HEADINGS
L DN BUTPUT TAPE %6

i
ENTRY [——

fortree waee

WRITE HEADINGS

AND QUTPUT FORMAT

N QUTPUT TAPE "4

|

|
R
| reTuRy |

I




503 SUBROUTINE WRITEZ

ENTRY

[{elels) 1
WRITE @UTPUT APE %4
V,7,8, %, 6,0, MW

T =1,

i

{

FER j=1,5 ,1

Y A~ .l
DENN; = 6.023E23XY)¥ ¢ *g, /MW,
WRITE QUTPUT TAPE *4 DENN;

”'L BFF

. A

=i,F,

~
e e SO
5.:/6//, —-Pv-—————]
&N
3000 i
~
[ WRTTE @UTPUT TAPE ¥4 1 '

B oo\/!\

g & \)h\-d—
—<_ 4i —_
[ -

-ﬁ')

WRITE dUTPUT TAPE ¥4 ;
5
|
i

l

\

} €

| TV :""‘.‘5,9;3

y=f41,8 1
S I o
I

l P
————— - 55%¢ /————--v———-'————-——-—-—»

s, gl

3007
| WRITE QUTPUT TAPE *3
Y, RUN®
ER
2 WRITE Qj; j=i,5,1

”'mtmhuk’

sLisiieliicd

I_-:gt.i“.,t

i
!
|
f
i
]

ESF3=1.0

3010
i
(:’iclc > CQSUNT-C;‘-UNT+:§

N )

11 (:) \:\ ',’4’,4"‘
CRHUNT ~ TEST,

1
\/
20i2

WRITE ¢UTPUT 'TA?E *4
RUN® JN A NEW PAGE

304 »
CAUNT=0.0 ‘

30161

(qu.. \j _ f

STee i
NS 1

Yerev.™ Y

3019
RETUPN

B-9




Schematic of Constant Coefficient Array , C(45,45)

Moo
MY MYE MXZ MX3 MYd MXB
Epppeoveres Eg'@" ......... e Tear T s A o © U
% 1
0 0 ClO0l0 (0!
"
BT oy "fﬂu' Ogy
0 aE lojololofo
cigc 0=£00 0‘;: Dzw,-c" : Rse o
‘-
0 0 : ol0jololo
MX ‘ R
Matl 0 0 0 o'l 0" ¢ 0| o
Mx2 G 0 O i1 101010
M¥3 0 0 O Ci{0 | 0
f:’*x: 0 0 0 0lojoj0]|oO
Boundary Condition:

0
)~ C(MXE MK4) = |

b=

A —C(MXLMXI) = |

Vibrahioral
Enenly

Corsarvahon

of '& = Elenent

Corgervetion

of j“‘ Species

Boundafy Cord.

Momentum
Ccahﬁnuﬂj

E’r‘-@rs :{

A
,.,:1% B 9::__@

—

o (]
g = CvXI MX3) = |

123

{ P C(M:f:,szf:sJ

%
i
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S074

g

lsmg‘{ ;

SUBRQUTINE DER {Page 1 of 4)

MEKPREFERINTIAL

g
- ?REFERENT‘.‘AL

PQEF‘?REN NTIAL

FLQW 1

et
iy

o050 ~= |20

FoR j-"H‘ |

= a= :Lah»,-?- ;:gq:(i i)
- ;5+Eec(cp,

khj i ST+EEf‘(h )

it

| hq X
= a; — (54 20T 1) T4+ (1= - ] b ’_@_
L (54 20m5-1) I T+ i)!ﬁil +2-eec(8)

la
8 .
6 -:3)
g —d—
3 x
"y Exp(f'.*. - |
J \T_ Ov.
' B . EXP --{)
C{,éz -';E(S‘h({?'j-l))*'(”'j- 3)€J' + EEC (CPJ)

hj= 2 (542(nj~INT +(nj-Dej+ b + EEC (hy)

- ~
1210 - |JED

SAME AS |050-+1!90 -
EXCEPT FR RANGE oF

v=9t1,S,1 INSTEAD @F j=i4,!

SO

B-11

ettt
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P
5
i

i

30TA SUBROUTINE DER {Pag

LT e A e LR

1380
eJ"“’z s
Ov;
Ty, = 3

i .
| 2615
&

Cpy= 5 (5+2(nj~ D) +EEC (Cp))

[}

)451——%(‘( &)

_’i,:_i,: ~aj -+ (5+20n-)nT +(r) -l),m(\

ppdd /T
[} |
W= Oy | — ~ “-]
J g/ [ Ty; T
=‘%‘{5+2('”j —1))‘T+('nj—l)€‘,'+ h} -&EEC(hj)
1 Ugu
AT

!—' “““““ -

| 2 »Ta Be RepLACED

| | BY PREFERENTIAL

|| ABeS Fléw X, FER ¢
| PREFERENTIAL

I

|

|

{

l
|
‘.
| MBDEL
|
|
|




S07A SUBROUTINE DER

1360
(’5*} it
R
L= |
i570 )

5 B
=

AF ) #i
LF S a2
R LB

Kpi= EXP{- %’},)

NEETN vjx‘i

Jfe

1670 K
2. ey, WP
YXTE:P = TEMPI

TEMP! = {.0
1760 ¢

i 7 i 9‘
Ki = Kpi f4.13228E1:RT,T)
x

P.3
{720

‘ , L
[i=1 | |TEmpi=0

{Page 3 of 4}

TEMP | = W Crempixglp

(naw D {ndg)

1740

8

L

TEMPZ=

F&R 3‘6‘5’:;51 t

Qo ML)
U whe'

2Tempp)(gge)

(mwi)?

By i,".x;[mm(remz)zg

—~

L-i‘+| i

4 L->——-@)

P

v e e e

i
AT

il
Hhifi

1l

i




S07A

SUBROUTINE DER

{Page 4 of 4)

180
3i=3-6)

lam ) = ¥ a../m

[5a)

1800 - a0
i |GG e
xsao)—» B arrav = Cazeay } ‘{\:’O) i
Fm ALL (M, 1) ELEMENTS |
<>
{870 -
JBUNDARY BAUNDARY |
CONDITION CHNDLTIN
IN PoLY. IN TABULAR
FERM Farm u
P A06.C) -
L Blmxi, w)w ExilE P
1830 g ssﬁa/z
B(Mx2.M¥4) = pu 1 i
Nb = | \
l_wme GUTPUT Thse *4 |
R e o, IRA, BOAXLMI), 8Y
— / 3-t648 fe
| mw“" g

E_*‘___J

1861

-
'j::j-” '-QNJ’—/ J%N

}‘rc;

. o \MW
Bk MXR)= (A 1 f:!zj &) 5

)
un(el A Z;SJ- %;
B4 MIB) = =
B MX4)= U A
R S

M=o ]
o :

- Ai‘; a\.
TEMP| = ?;l—-———-i—\ﬁ U]

TEMPZ= - -
YT TJ pU’xL

l
I
|
|
i

Y B(NN,MI)‘-‘(‘G:;%)"{(

{
i
Aliai.'l ('_x,t) :
|
!

Ny=DAvy
2 5= EJJTEMPZ

8y;

l +F9"5 Ny {] tempr | |
! EXP(W}) - | &XP(NJWJ) P |

N,

!NN -NN-HI
g 4 N P -

YES

J”C*

p.4

S

880 | -“.’¥

¢ BB R_FLACED BY
PREFERENTIAL Figw I
FPR PREFERENYIAL
M@DEL

’l- ~ o
Eg-ten >z -

Exta

B:i"“”

15

{ Zogo f §
B(MY4,LLL) =L(nJ_J

N¢ _/k

i =3>
s

) ea——

201C
S{#£l.
we &
T KKK= g4 ]

200

) B(Mx4kKK‘=h— "CP)( L

zmc o Yes

BMX3, W) = /U |
BOMYXE, UXI) = /A l

2130 z1z0 o
T { EATL CALL




!
il

S¢7B PREFERENTIALFLOW 1

ENTRY

T Ty

READ A CARD WITH FOULGWING VARIABLES
Nj, Uj, Wej, WeXej, We Ye;, tde 3o
WRITE THE ABSVE VARLABLES oN SUTPUT ‘TADE %4

1

Nj = Nj+1
i
i l KK=1

E.',I(KK) = (KK-0.5)(Wej + (KK =~ 0.5)(~ waXe; + (KK~ 3)(welfe; + e3¢ (KK—0.5))))
Bvy (KK} = Egp(KK) = E; (1)

- TeMPZ= 3 &y (KK) ExP [EV(KK)/U;]

MG b 1 B EUA T s bt

TEMP3 = 3 exeley(kK/u]]

KK= KK+ |

- _ 1.987322 x TEMP2
To RS (TEHFD)

| @; = TEMP3

e JTa i1

B-15




A A 4N AR s o |||

B-16

PREFIRENTIALFLOW II

Te = ‘

| ] i
——— —
TG'T, g 44 Lﬁ

Nj /
TEMPZ = gfq(uk)sxp [-Ev;(KK)/ﬁJ.}

N-
TEMP3=F EXPL-Evi (KK)/T/;]
Kk}

Kj
TEMP4= 5 EXP[-E\; (KK)/T" ]
K=

No
TEMPS= 3 EXP~EyjKKY/(Ty T)
K=

1

E. = 1987322 (TEMP2)
J ReT. (TEMP3)

! :
147!
\‘:\0
WJ Vj= 10
S
+

1520
v = STEMP4)(TEMP3)
/ Q; ( TEMPS) 1
|18
1540
Pz
S07A

ity




I
L b bidibbdectstsl| Habobsnssssodors sossimemidbintia imsamsntnress oL
"

»

PREFERENTIAL FLOW Il

ENTRY

[ = Q ks
TEMP1 "'X —:‘Eﬂ-‘:’—ti—'
Lo ;@ i

A..Qc.
L5 PG RY e
TEMPZ g‘ eU i (=%}

Bl = =5 (- € TEMPI- (&~ &) TEMPZ :
CRD ; Ej-€p & -
1880
P.4

$07A
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508 SUBROUTINE BUB!

jgo2

WRITE BUTPUT TAPE *2
Y, T,MW, U, @, P, A, Ruut’RKRm

s

E@GF2=1.0

1005
WRITE QUTPUT TAPE *2
¥ i=1,5,1

.

— g ~(£+1)

{007
WRITE BUTPUT TAPE *2
€; i=F41, 3,

1008

- Rewau

B-18




§09

SUBROUTINE SUB2

ENT‘iJ

logo |
FOR 5 = f+1 g, |
o L T
= _ﬂ | | |
G AT E"P[(T')%}
[
RETURN J

T
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810 SUBROUTINE SUB4

| 1010

™ P e § ST b S

‘Ema‘i = Lsz

. Kr-nnm e L )
]
1014

3
| | TEMPI= Z@qé
| l Jui
1047
4 By,
X AR R
" ’k’. - EXPi_TEMPl (T' m] : ﬁt'd)( R ) Lr
Fie (413228 TR _;
1019 ‘
RETURN i j=r SE &
{012

N I ¢ =Aam('r) e | ,),';_]

B-20




811 SUHROUTHRIE SUBS

Lbbasslobovkc NP
L}

R s e = o e e e B e e B F TR T | S, SR S &

f o
S
° ———
{002
WRITE JUTPUT TAPE ¥2
ﬁ 3 . L3 = =2/
T HCPJ:'EJJ"J"EJ@:T‘S')‘J' J
AFS ' t / ? ! A A
s at%; KP‘I KLI*FCQ:&FL' ﬂh)xiﬁ LSt’r" i
o0 l
i
1ol g #
| NR1TE QUTPUT TAPE ¥#2
@; y=1,5,1
i
li-£+!
{017
WRITE GUTPUT TAPE %2
| _ THE DERIVATIVES #F THE FOLLOWING VARIABLES
| €; j=t+1,9,1 (IF ITEXTSTS) T 3=1,5,15 AsP 03U
E _\ o8 §
RETURN =
Ba21




832 SUBNOUTIRY 8UBS

i P

=
14120

TTH
TT2

A EEC(4) = 4a [ TIZ]
3

EEC(h}) e

z
Ve TT2XTTD~(YTI)
EEC(@y) TiHTT2)

Ju g4

B-22




513 SUBROUTING TEST

ENTRY

: SR 21

Xiomey ® X1 velnd

WRITE 2

EXTESY « L.0BE~Tx TEST9
NESAY = ©

eeritlll.

L‘x‘mv‘ Xy st

1550 r
G=¢ T=y; =l
¥ry FoT @=mw

U=U ¢+»pg B=p A=A

1820 g0

——a@é

[ eace
\_\QQIT‘EZ -

TESTy=TEST# Y9/,
EXPEST = LoOR-TxTEsy,

1

NeSAY =0 : KJ

10 ¥

CEMYTL $UE

1675

NS SAY uﬂi
Ysave = ¥
DYSAV =AY

8y = TESTy~Y

B-23




5i4

il

SUBROUTINE TEST2

ERROR |
lsﬁﬂ" IND. ¢FF =
| W‘_J ::l

e R

= A
{ \\’/ IND. 2N
i ol +
|
PR S—— # Se———
F- N o e WRITE @uTPUT TAPE¥S
LJ_. . 3 e e = ¥, &4, GAMMA § NEGATIVE
5 YES
oze
= (5]
~--—éf-+!) — J'(fﬂ)l
I_T —t
//e- ERFZR
f \ J = | ID. AN
‘ — oY+
[ |
- @O i at ~
§ \© a1 WPITE cauwur TAPE %6
TRe U9 P Ty.Ay. epx § NEGATIVE
YES
= 1070
: ERKOR
- npay IND. N
1073 i |
ERRDBR WRITE @urpuT TAPE #&
IND. PN ¥.48Y,7 NEG UREERP
WRITE GUTPUT TAPE %6
Y,AY,AREA NEG OR BER® |
1
1090 &
B
ERKBR D%
IND. OH| + ~IF
¥ {1100 .
WRITE gUTPUT TAPE %2 | sy = AY/2
LY AY, T TEST FAILED | $.8.C.=0

B=2&

FAILURE INDLCATER RPR
MATN PROGRAM ON

§

RETUEN

|
|




315

ENTRY

e

SUBROUTINE TESTHFI,F2,15,ID, K}

13

P

|

l DEVF =

¥

Fi

Fii~F2;

1

TITy

s ]
l RETURN |
]

jo2
Je2. ;
T s- IFAIL= | l

$.5.C=0 |

AY = c.5AY l

WRITE @UTPUT TAPE *¢
Y.AY AiT(n) FAILED MATH TEST

RETURN I
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dilllaie gl Gt e T WS T T e e s

SUBROUTINE OVRFLW

ENTRY

CAL L
FPT

r

RETURN




817 SUBROUTINE LCOUNT

ENTRY

LINE CBUNT - 55

OT+

] LINECOUNT =

= WRITE GUTPUT TAPE ¥4
RECORD T¢ EJECT PAGE

~

RETURN e

B~27




518

B-28

RETURN |

SUBROUTINE STOP

ISTART »

READ NSD

{

WRITE GUTPUT TAPE® G ‘
RUN (RUN*) CEMPLETED

-

<HOD =ISTART

YES

WRITE END ¢F FILE TAPE™4

— & S rgr 3

V WRITE END @#F FILE TAPE %3

STep 4|

v

—-

&

ISTART = ISTART+ | --:--——-———i

1ag

MAIN
PRIGRAM




fal) THEINTS

s19 SUBROUTINE SIMSOL (A, KK, LL)}

= KR S :
EMTRY . ?-Th ! sS85 EN }FWRfTﬁ QUTPUT TARE %6 !
ni= het aLs L“'“'lij".'.r.'_'ll

26 } YES
WRITE QUTPUT TAPE #6 .
DETERMINANT = O ISTART = Y2122T4 |

| _nd SPLUTION

L3
§5%3 " Seor| RETURN

'\‘]gm x

WRITE UTPUT TAPE &
O et je,nnl




—— F

FUNCTION DEKT(X, Y, I, XD}

§20
r 3 “
f=i-t
ENTRY |—— - v
1Z=1-2
= T
L Dl= X - Xi
Dz= Xiz+ X{
F¢KJ=|'?,{ / FﬁQj'*Zj,\
M= il=l+] —=<Tol-I?] + - M=l
l TY) = ¥Yn © TY_,"‘".Yn
FOR j=1,%2,1 {
TXy = %, +DI N=ii-14; TX, =% -D2
- ijzxn
TY;=Yn

_...‘L__j |
6/5=Y1NT f wa o { TY, =YINT )

{

FD' =TY1"TY|
} FD2 = TY,=TY,
| Sh = FD2-FDI
. XD-TX
L H

Y

\

l_!iET URN

[(lf




§21 FUNCTION YINT{X,Y I, XINT)

FYINT =Y, +(XINT-X;)DI + (XINT-X{X XINT - X{) D3

|

RETURN

B=-31




1. LIST OF FORTRAN SYMBOLS

APPENDIX C
PROGRAM LISTING AND SYMBOLS

2. PROGRAM LISTINGS

501
sc2
§03
S04
S05
506
SOTA
S07B
So8
S09
Sic
Sii
512
S13
Si4
Si5
516
S17
sig
sl9
520
Ss21
522

C=1
C-9 j
MAIM PROGRAM Col2
Subroutine START C-16
Subroutine READIN C=17
Subroutine WRITE 1 C-21
Subroutine WRITE 2 C-24
Subroutine MATRIX C-25
Subroutine DER Ce26
PREFERENTIAL FLOW I, II, IIZ C-30
Subroutine SUBI C-35
Subroutine SUB2 C-36
Subroutine SUB4 C=37
Subroutine SUB5 C-38
Subroutine SUB6 C-39
Subroutine TEST1 C-40
Subroutine TEST2 C-41
Subroutine TEST3 Cud2
Subroutine OVRFLW C-43
Subroutine LCOUNT C-44
Subroutine STOP C-45
Subroutine SIMSOL Cadb
Function DERT C-48
Function YIN1 C-45

Commaen and Dimension Statements C=50




APPENDIX C PROGRAM LISTING AND SYMBOIS

List of Fortran Symbols

The Fortran Symbols listed hsre are given in alphabetical order.

The corresponding report symbols and their meaning are aizo

given in this section,




A1T1¢3)

A1)

ALT {3

AlTY L2

AZ1 (8)

AZIC(&)

A2T (&)

=271 (4

A31 ¢ )
AJiC (V)

A3T ()

C-2

AT =Y
AlTizy=T
AT s My

AlIC(i)=Y
AtICL2Y= T
AlLC(3 ) =MW

AT =y
AIT(2)=2T

AL T(H) =M

AiTiiD =y,
AlTI2)=T,
ALTH(2) = My,

AL =
A2I(2)=F
AZI(B=F
AZIG)=K

AZIC(1) =T

ARIC( =p
AZIC(3)=
AZTIC (4)uk

AZTD) =Y

AzT()=p
A2T(3)=p
AZT(4)=A

BZTI (Y=,
AZTI()=p,
LTI (3 =p,
AZTI(4)= A,
¥ j=i,...,S
"lj i=1,5..,8

J-(,....)S

IniTiAL

UPDATED

URPDATED

URDATED

EINTTIAL

UPDATED

UPDATED

UPDATED

INITIAL
UPDATED

UPDATED

LONDITION FOR & R-K~R INYEGRATION INTERVAL s

INITIAL CONDITION [N A A-K- INTERVAL

VALUE IN A R-K=fR INTEGRATION INTESRVAL

VALUE IN A R+K«B JMTERVALs FULL INT. STEP SIZE

CONDITION POR & R-K-R INTESRATION INTERVAL

INITIAL CONDITION {kH A R-K-B INTERVAL

VALUE N A R«iK~R INTEGRATION INTERVAL

VALUE IN A R-¥-R INTERVAL ¢ FULL INTe STEP SI122

CONDITION FOR A R-K~R INTEGRATION INTERVAL C

INITIAL COHDITION IN & A<K-ft INTERVAL

YALUE TH A R-K~R INTEGRATION INTI /AL 1

[
= 4




Hdowbul Hibiidadiodl wladbMAlMIA b dedmiiDIINN" LI TR 4a

I

tab
-4
-
LY
[
-t

AT L)Y
ASIC (Y)Y
AST LU
ABT1 ()
AXFI41)
ALEHALA)
ALPIU(JeK)
B(45.45)
BETA(4)
BETAIf1}
BETAIS(]eJ)
BRFI(1)
cCtas,as)
SACR

CAZ (e}
CCPRS LI
¢oier)
CENB(JIL)
CEAOHLIeL)
ML)
CHIIT(L)
CrEZ (1)

(£ S NS S

CKPi{1}

.,’,‘J. 3= o i

gj 3\-&&!,.,.;3
é"j FE LS PRSP
€; jefelylq
&) Jufti,n.,g

Aé&'

O(J&

£ 53R TETM 4

W herTr W

INITIAL
UDDATED
URCATED
UPDATED

FORWARD

o R rRAPSOL L B s P B 3
YRl e ¢ AR L,

gt ihto 37515
COMDITION 7OR A fi-K-R INTEGRATION IMTERVAL
INITIAL COMDITION IN & B-K-R INTERVAL
YVALLF 1M A ReileR INTEGRATION INRTERVAL
VALUE IN A R=:-R INTERVAL» FULL INTe STEP 5

O BACKWARD RATE COMSTANT CCEFFICIENT

RUNGE-KUTYTA -RICHARDSON COEFFICIENT

NUMBER OF & ATOMS IN | SPECIES

3

Bl

iZE

ARRAY OF CONSTANT COEFFICIENTS OF THE SET OF SiMUl.. EQS

RUNGE-KUTTA-RICHARDSON COEFFICIENT

S
Biwy

FEdd

Py

s & .
B = 285 =24

PFORWARD

OR BACKWARD RATE CONSTANT COEFFICIENT

ARRAY OF COEFFICIENYS OF THE SET OF SIMULTANEOUS £OS.

INITIAL

CROSS-SECTIONAL AREA

ViﬁﬂﬂT!GN*DXS$OC!AT!pN COUPLING INN{CATOR

SPECIFIC MEAT

DEMOTES

¥HMICH SPECIES PRODUCTION RELATIZM TO USE

DIMENSIONLESS ENERGY OF ELECTRONIC LEVEL 2

ENERGY OF ELECTROMIC (LEVEL 2

DEGREE OF NONEQUIL IBRIUM OF REACTION (

DEGREE OF NONEQUIL IBRIUM OF REACTION ¢ ON PREVIOUS

FORWARD

CR BACKWARD RATE CONSTAMY COEFFICIENMT

EQUILTBRIUM CONSTANT OF REACTION o

Y

EQUILIBRIUM CONSTAMT OF REACTION ¢

REFERENCE LENGTH

REFERENCE MOLECULAR YWEIANT

STEP

el




s

PR o

CNI () N;
CON] ¢
COP(KeN) b,
COUNT

ceop p!
cPP P’
TOIJStLey) e,
cRo Re
cTop T
cTP T
CTYJICI? Ty,
cuoP s
CVJI () v,
CHIC]) Wi

A NINY W,
CXEJ(J) Xe;
CZiin) Z;
DELY oy
DELYC Ay
DELYP BY e
DENN(J) ND;
DEVF

DF10(1) OF /RIT
DKFI (1) D¢,
EECCPULY) EEC(Cpp)
EECHJ(J) EECCh;)
EECRUI () EEC(UY/T)

C-4

NUMBER OF VIBRATIONAL LEVELS

814 32284CROKCTOP

COEFFICIENT OF N#%(N-1) IN 8, s POLYNOMIAL
LINE COUNTER .

REFERENCE PRESSURE

PRESSURE

DIMENSIONLESS RATE OF PRODUCTION

GAS CONSTEINT. 1498647 (CAL/MOLE-K)

REFEREMCE TEMPERATURE

$

t

TEMPERATURE

VIBRAT {ONAL TEMPERATURE

REFERENCE VELOCITY

VIBRATIONAL COUPL ING FACTOR

DENOTES WMICH SPECIES PRODUCTION RELATION 10 USE
o, f1/7T - 1/T1

NOT USEDe AVAILABLE FCR FURTHER SPECIES DESCRIPYION
DEMOTES WKICH SPECIES PRODUCTIOM RELATION TO USE
RUNGE-KUTTA-RICHARDSON FULL 3TEP SIZE
RUMGE~-KUTTA-RICHARDSON UPDATED STEP SIZE

STARTING VALUE OF STED SIZE FOR R-K-R [+TEGRATION
NUMBER DENSITY OF SPECIES |

RESIDUE IN A R-K=R INTERVAL

CHANGE IN STANCARD FREE ENERGY FOR REACTION o
FORWARS OR BACKWARD RATE CONSTANT COEFFIC{ENT
ELECTRONIC EXCITATION CONTRIBUTION FOR CCPJ(J)
ELECTRONIC EXCITATION COMTRIBUTION FOR SHJf.13

ELECTRONIC EXCITATION CONTRIAUTION FOR SUSOUT(J)

e

TEmEsSE AL P =it =




Miibiioe

R TIRNOS O

holontes nsridabescntross o

Wbt

EOF 2

EPF

ELSJ(J) €;
EPSJT 4t Ejeo
ETAJ(SY n;
EXTRAJ () TEST }
GAMMAO

GJOP (J) ;ﬁ
IBETALILD) N
IBETIJC(1+J) P
18op

ICATJ(1ed) A
1CON

1NELxC 5.8.C.
10UMP DUMP
1EXT 11

IFAIL

160

11SF | £
1157P1 £41
1186 q
INDSUM E, E.
1GOP (K )

1POT

IRKIND RYR 1y
IRUK

| §-1o c

INDICATOR FOR WRITING END OF FILE ON TaPE 2
INDICATOR FOR WRITING END OF FILE ON TAPE 3
VIBRATIONAL ENERGY

VIBRATIONAL ENERGY AT LOCAL TRANSLATIONAL TEMPERATURE
NUMBER CF ATOMS PER MOLECULE

TEST PARIMETER:s | = lssseclS

NOT USZDs AVAILABLE FOR FURTHER SPECIFICATION

REFERENCE SPECIES CONCENTRATION
S

v =f‘:_‘ ’\3;,5
, #
By = =¥y

g

INDICATOR FOR BOUNDARY CONDITION
VIBRATION-D: SSOCIATION COUPLING INDICATOR
NIT USEDe« AVAILABLE FOR FURTHER SPECIFICAT{ON
SUCCESSFUI. STEP COUNTER o
INDICATOR FOR OPTIONAL JUTPUT ON TAPHE 2

TEST 11 (FIXED POINT)

MAIN PROGRAM FAILURE INDICATOR

STARTING ADDRESS OF THIS PRCGRAM

DEFINE VIBRATIONAL NONIQUILIBRIUM RANGE

1SF ¢ 1

DEFINE VIBRATIONAL NOREQUILIZIIUM RANGE

IiNDICATOR FOR ELECTRCMIC EXCITATION

ORDER OF BOUNUARY CONDITION POLYMNOMIAL

INDICATOR FOR Be C, FOLYNOMIAL OR TABLE

INDICATOR FGR THE FOUR LOCATIONS IN A R=K-R INTERVAL
RUM TDENTIFICATION |

NUMBER OF ELEMENTS




|
§
|
|

1SCPi C+i 18C + 1

iSF £ DEFINE VIBRATIONAL NONEOUIL IBRIUM RANGE J
1SFP1 $+1 ISP +

1SG g DEFINE VIBRATIONAL NONEQUILIBRIUM RANGE

156P1 g+ 156 + 1

ISR r NUMBER OF REACT IONS

155 $ NUMBER OF SPECIES

ISTART FINISHED NUMBER OF SETS OF DATA

1810 NSD NUMBER OF SETS OF DATA

1YST STARTING STEP INDICATOR

KETIND(T) INDICATOR FOR DIRECT!. . CF REACTION RATE CONSTANT

# 4+3+g-+  IWNDEX FOR LOCATING ELEMENTS IN B AND C A EYS 1
My M+ INDEY. FOR LOCATING ELEMENTS IN B AND € ARREYS

MSUMJ ¢ J) m; NUMBER OF ELECTRONIC LEVELSe MAXIMUM OF 8 1
MX Stg-f INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS

MX 1 MY+ ’INDEX FOR LOCATING ELEMENTS IN B AND ¢ ARDEYVS

Mx2 MX 4+ 2 'ENDEX FOR LOCATING ELENENTS IN B AND C ARREYS

Mx3 Mx+3 INDEX FOR LLOCATING ELEMENTS IN B ANG C ARREYS

MX 4 MY +4 INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS

MXS MX +5 INDEX FOR LOCATING ELEMENTS IN B AND C ARREYS

NC INDICATOR FOR FULL OR HALF INTEGRATION STEP SI1ZE

NOR NUMBER OF Bs Cs FOLYNUMIALS USED, MAXIMUM OF 3

NUI (1) 175 b3 =§'2}~‘j

NUTJET e Vi LEFT-HAND SIDE STOICHIOMETRIC COEFFICIENTS

HULJIE(1+J}

2y

RIGHT=HAND SIDE STOICHIOMETRIC COEFFICIENTS

- REND(K) ENDING VALUE OF . REGION COVERED BY B, C¢ POLYs &

-

REST (K} STARTING VALUE OF & REGION COVERED BY B¢ Ce POLYe &

C-6




RHOOP
SAJ(J:
egu (.0
S {JeLL}
SHJ(J)
SHJI0tY)
SHJIOP (J)
SKBI(I)
SKF1C1)

SKFIINTI)

SPECIK{I «2)

SPECUK (Jed)

SUVJOOT(U)
TAUAL )
TAUB.S(J)
TAUCJU )
TAUDJ(J)
TAUJIR LI
TEMP
THEVJ ()
THEVJUP(J)
TR(100
TSCALE
TY(100»
XA

xXe

) {4

fg/T

ua\

> 4

I S

(53

NEFERENCE OENSITY

=

o; = b; + ﬁg—%’iﬁh‘ﬁ,’

CONSTANT FOR CHEMICAL POTENTIAL
DEGENERACY OF ELECTRONIC LEVEL L
ENTHALPY INCLUDING MEAT OF FORMATION
HEAT OF FORMATION

HEZAT OF FORMATION

BACKWAR REACTION RATE CONSTANT

FORWARD REACTION RATE CONSTANT

FORWARD REACTION RATE CONSTANT AT VIBRATIONAL BQULIL.

REACTION IDENTIFICATION

SOECIES TDENTIFICATIOM

CHEMICAL POTENTIAL OF SPECIES
DESCRIBES VIBRATIONAL RELAXATION TiME,
DESCRIBES VIBRATIONAL RELAXATION TIME,
DESCRIBES ViBR.TIONAL RELAXATION TIME.
DESCRIBES VIBRATIONAL RELAXATION TIME.
VIBRAT [UNAL RELAXATION TIME OF SPECIES
TEMPERA TURE

CHARACTERISTIC VIBRATIONAL TEMPERATURE
CHARACTERISTIC VISRATIONAL TEMPERATURE
FUNCTION VALUES IN THE TABLE OF B, C,
CUOP#322CMWOR/ (4418501 4E74CRO*CTOF )

Y VALUES IN THE TABLE 9F Be Ce
OeB#TSCALE

6.022E23/ {CRO*CTOR )

CMWOPRCLP/ (CUOPSRHOOP)

TAUJP(J)
TAUJP(J)
TAUJP ()

TAUJP(J)

C-7

B

e

|
i

tht

i

i

e




ARLEIRE R

XiA214)

XIA3(J)Y
X1A&L U
XLAMY (J)
XeET

XNULT (1)
ANUTJI(L+ )
XNUTIR(T )
¥YPREV
YETOR

YSTGRP

XIAz{h = U
AIA2Q) = p
RIAZ(3) =P
XIAZ2 (4) < A

T oa=t,..,s

€) j= F+iy-g

Ysrep

/
Ysrop

ACCUMULATION COUNTER FOR THE R-N-R INCHEMENTAL VALUES

ACCUMULATION COUNTER FOR THE R-K~R INCREMENTAL VALUES
AcCUM ATION COUNTER FOR THE R-K-2 INCREMENTAL VALUES
VIBRATIONAL RELAXATION DISTANCE

Intty
S 1

Z/'.-s v.-

L= Yy
LEPT-HAND SIOE STOICHIOMETRIC COEPFICIENTS
RIGHT=HAND SIDE STOICHIOMETYRIC COEFFICIERTS
LASY VALUE OF y ®OR WHICH RESULTS WERE PRINTED
YSTORR/CLP

VALUE OF STREAMWISE DISTANCE THAYT WILL TERMINATE RUN




2, Program Listings

- »

This section presents we complets Forizan IV lsiinge of the
main pregram, as well as all the subroutines of the streamtube
program, The functions of all the subroutines are described as
follows:

$2 Subroutine START

Performs initialization of variables and definition of constants

a2

for the Runge-Kutta-Richardson method.

S3 Subroutine READIN

Reads in and writes out all input data on tape #4.

S4 Subroutine WRITE 1

Virites headings and output formats on tape #4

S3 Subreutine WRITE 2

Writes results on tape #4. If senae switch 6 is on it pr;nts
¥i in each paragraph on tape #4. If sense switch 5 is on it
prints Q{j on tape #3.

56 Subroutine MATRIX

initializes the matrix for solving simultaneocus linegr equations,

87 Subroutine DER

Computes the derivatives of every variable with respect to Yy -

S8 Subroutine SUB 1

Writes optional outputs on tape #2

59 Subroutine SUB2

Compntes vibrational relaxation time of the Jth species in

the £+1-+ g range.




510 Subroutine SUB4

- Computes the forward rate constant “ia

811 SuLroutine SUB 5

s R e TR |

Writes optional outputs on tape #2, if sense switch ! is on.

S§12 Subroutine SUB’.‘I;

Computes the electron excitation contributions to the thermo-
chemical properties '&J ; C"’J ) }(J

513 Subroutine TEST 1

Performs output printing step size test, and also maknae
| .
suitable adjuzstments on 4—‘]

S14 Subroutine TEST2
I

Perqurms the tests for negative 7&,*,‘%', T ana A

515 Subroutine TEST 3

Perfers residue tezt for the Runge- Kutta-Richardson method.
If the test fails, it halves the integration step sizc.

Sl1é Subrlutine OVERF LW

Calle subroutﬁ FPT which is a library subroutine to skip the
floating-point overflow trap.

§17% Subroutine LCOUNT

Tape #% p.ve ejector

§18 Sabroutine STOP

Performs computing termination test for each set of data in
this run.

519 Subroufine SIMSOL

Solves the set cf simultaneous linear equations by Grauss' methd,




‘ Lomputes derivatives of boundary condilica function with respact E
tc streamwise distance, y , from the boundary condition table by E
Foward Gregory-Newton formula.

§21 Functien YINT

Interpolates boundary condition functicn from the boundary

condition table by second-order Newton divided-differences method,

a 522 Commeon and Dimension Statements

Used with the main program and all th: subprograms except sub=

routine SIMSOL, furction YINT and function DERT.




5340
S350
5360
5370
5380
5390
5400
5410
5420
5430
F440
S450
Z460
7000
7010
7020
7030
T040
7050
7040
7670
7080

C-12

I§TART=0

ARSIGN 8000 TO 160

LELE ESTARY

CALL READIN

1YST=0

1ISEPIsISF 41

115G= [ SG

CALL WRITE 1

IEXTII=EXTRAJ(11}

1SCP1 =18+

ISFPL=ISF:1

13GP1=158G+1

118F = 1SF¢

HMeld+] SS+15G-ISF

MlzM$1

MX=ISG-ISF4+18S

MX 1 =R+

MX22MX+2

MY 3zMX+3

MX&=MX+4

BXUBaM X+S

CALL MATRIX

DELY=sDELYP/CLP

YeTO0RPeYSTOPP/CLP

CRO=1,988647
TSCALE= (CUORECUDPECMWOP) /{CROMCTOPE4,183014E+7)
XC= { CHMFOPRCLP )/ (CUOP*RHODP )
1DELXC=D

XBr&: 022E4+23/7(CROXCTOP)

XA = JSHCUOPHCUOP # CMWOP/(4,18S014F8+07 #CRO * CTQP)
YPREVY = =160

Do 5370 J=1elISSe!
THEVJI(J 2 THEVJP(JY /CTOP

SMJ0(JY= SHJIOR(.J) /Z(CRO®CTOP)Y
SAJIJIESBI(J)I+e58# (504 2‘0*(ETﬁJ5J?-1eO))?&LOG(C?OP)
DO 5400 I=le15Ne1

DO 5a00 Juls 15841

BETAIU{1eJd) 2XNUIJIRP (T ¢ J)=XNUTJHITJ)
DO 5260 t=1,15R«1

XRUL (1200

BETAI(13=0460

"D 5460 J=)¢iSSel

KMUT( I =XNUT () +XNULJI(L+ )
BETAIC(1)=BETAL (1 )+BETATJ( ¢}

Dpo TO050 J=147158Se1

DO TO20 L=1¢8e1

CEILP(JL )1 asCEILPX (e} / (35,29820E-~-24%4CTOP)
EECHI(S)=0 .0

EECNUI(JI200

EECCEJI(L)I=040
CONI=CRO®BCTORRA, | 3228E4C1

DD 7120 {21 0i8R1

po 7100 Julel188al

(firt

A
T
[

ligJEf‘&rl
O U DGR

a3
42
80
51

92
53

SI8URRRUREBIBY 2%‘3 i

3




7100 IBETIJ(I« L)sBETALIL Lo}
Ti10 IBETALC]1)sBETAI(L)
7120 NMUTTT asXNUTCT Y
5881 AZ1(4)=CAOP
S610 IF { DELY = EXTRAJ(IA) 1886115811581 0
5611 YRITE(S+S812) IRUNGAITI1).DELY , =
8812 FORMATISXy#HRUN - 36+9H SKIPPED+SXSHAT Y sE18+8:3N4HDY sZ18:8)
ISTART={START4} :
GO TO %300
8519 DO S67T0 Juil.3s}
B860 A1TIJY=AL] (J)
8661 AP IC(JisAll(J)
A21CLIi2A21 D)
88570 A2T(.J1=A21 ()
A21Cta)=A2] (4)
857 A2T{41%A21¢4)
5680 DO %650 Jmle1SSei
5881 A3IC(JI=A3L(J)
8690 A3T(J)= A3](J)
8700 IF(1SG-1SPP,) S613+%5710+3710
S710 DO S720 JsISFP1.15Gel
8711 AalC(Ji=Aal(J)
: 5720 A4T(J)I=AG] (J)
;. 8613 NCsl 3
IFCIPOT(EQe O) GO TO 5614
DO 5723 J»i NOR
IF(AIT(1)elLTeTY(J)) GO TO 5724
j° 5723 CONTINUE S01
3724 IRA1sY - S0t

£

=T

IF(IRAL «EQs 1) IRAQ=2 501 &3 |

IF{IRAL GELNCGR) [RAIsNOR=1 S0 4
= A2T(IROPINYINT(TYs TP+ IRALAIT(1)) - 581 83
: S614 DELYC=DELY/FLOAT (NG} 50! ea
? 5721 DO 6240 ICsal«NC S0:1 87
8730 DO STA0 J=ledei 501 88
8740 X]al(t)=0,9 S0t 8%

5750 DO 5770 Jujfe200e3 So1 o
5760 X1A3(J120.0 S0t &%
ST70 XIA4(J}nde0 3 . S0 e2
878C 0O 6130 1A S ESRY P81 501 93

%790 IRIND=111 E S01 o4
8791 IFAIL = O sot 93
%792 CALlL. TEST2 861 %6
3793 IF(IFALIL) 3610:5800+%510 , sot 97
5800 CALL OER 501 98
IF(NCoNEs] +ORe I1CoNE¢13) GO TO 5820 S01 99
IFATL =0 501 100
: S810 CALL TEST! sot toi
i+ IF(IFAIL) %61045820+5610 ' so1 162
' 8820 IFII11 (NE, 1) GO TO 5809 $01 103
IFUIC oNEes NC) GO TO 85809 S01 104
DO 8801 J=1,.3 $61 165

i ALICCI)ImAIT(J) $01 10




8801 AZICi i=AZT (D) -1

R21C{4)A2T(4) €51 4
DO 3802 JxieiS. 301
5802 A3IC UY=RITLY) so1
IF((1SG~1SFP1) oLTe O J GO TO SEO9 501
DO 3803 JeISFP1:1SG sol
BH03 A4IC(JIZAAT () a6l
3809 J4=0 S0t
DELYCDELY/FLOATING ) s01
5830 IF{11SG~1[SFP1) 5930.5840,:%8480 $01
5340 DO 5920 U=JISFPI<¢i15Gel so!
S850 JJ2JJ+] SGi
2350 TEMP] =DELYCR#B (LI oML ) , SOt
5870 XIAG( )=XTAS(JISALDHA(ITT ISTEND] s $01
S890 AST(JI=ASICLUI+BETACIL I IRTEMP] : 201
S920 CONTINUE : $01
3930 TEMPZ2z30,0 L-1a 3
00 4010 J=1415S5+1 , 801
5940 JJI=IISC-115F+J 861
3980 TEMP1=DILYCAB(JSJeM]) ' s01
S960 XIAZ(U)=sXIAS(JI+ALPHA(T T I*TEMP] S0t
3980 A3T(JIZASICIJI4BETALIT I I*TENP] So1
6910 TEMP2r TEMPZ + A3TI{J) : S01
8020 DO 6100 Julebet So01
8030 JJzMXS-J ! So1
6040 TEMPI=DELYC#B(JJeM1) So1
5050 XIA2(S)sXTA2(J)+ALPHACLI I ) #TENE S0t
5070 A2T(J=A21C(JISBETA(IT] I*TEMP] sal
6100 CONTINUE sot
6110 AIT(II=A1IC(1)I+BETA(ITI1)INDELYC s01
6120 E1T(3)=140/TEMP2 ‘ $o1
6121 AIT(2)=A2T{3)I®AIT(3I#TSCALE/AZT(Z) 391
6130 CONTINUZ S01
6140 IF(1ISG~11SFP1) 6170161506150 ) S03
$150 DG 6160 JnTISFPLe115Gs1 301
6160 AAT(JIISALIC(JI4X1A8(U}/5e0 $01
6170 TEMP2u=0,0 S
6180 DO 6200 Jx1,155e1 $01
6190 AZTL(UIRAIICISISXIAI(U) /600 . 501
4200 TEMP2sTEMP2+43T(J) s01
6210 DO 6220 J=l e e sot
6220 A2T(J1=A2IC(JI+XIA2(J)/640 Soi
6230 A1T(I)=1.,0/,TEME2 soi
AL TiZ)IBA2TIZ)IPALIT(IIRTSCALE/ART(2) S01
6240 CONTINUE . 501
6243 GO TO (&62%2¢62a87T1» NC S04
3 6242 NC=2 : sot
6233 DO 6244 Jw]1,3 S0}
AITI(D =ALIT (I} 01
A2T1I¢UYRA2T (D) $01
LIT(UI=AL Tt Y) . $01
5268 A2T(J)=A21 (L) ! 803

A2Tita)=A27(4)




8245

6246

6247

6248
6250

6249

6251

6260

‘gagisgeaatesz

U 526D Jrjie«i18S

AJATI (S =2AST L)

A3TIS:2A30 (J)
IFULIISG-1ISFPi1.LTe0) GO TO S614
G0 6246 U=]115FPI«11SG
ARATE (U )AL T(.))

A4T(Jy=AA] 1)

GO TO S614

IF(C1ISG=1ISFP11\LT«0) GO TO &2%0
IFAIL=0

CALL TEST3(AAT+AATL«JISFPLIISC «4)
IFUIFPAILeNELDO}) GO TO 88610

DO 6248 U 115FP1.1186

AGT(JI=AAT {(U)+(AAT(U)=A4TL(J))/ 1D
TEMP220 4,0

IFAIL=D

CALL TESTI(AZ":A3T!e¢1¢158:43)
IF(IFAIL «NE«O) S0 TO 5610

DO 5249 J=i.+1ISS

AJZTIJISA3T (UI4(A3TILII-ABTI(I) ) 15,
TEMP2aTEMP24A3T(J)

CONT INUE

IFAIL=0

CALL TEST3{A2T+A2T1¢1¢4¢2)
IFLIFAIL oNEs¢ 0) GO TO 5610

DO 62581 Jmi.4

AZT I IZATIII+ (ASTI(I)~n2TI(J} )}/ 15
AIT(3)1=1 O/TEMP2
AIT(2)=A2T (3 VHAIT(3)IRTSCALE/ART(2)
GO TO S613

END

261 182

01 161
8651 183
501 1&s
So61 168

se1 t2r
01 167
sas 168
501 169
$01 170
801 i71
sa1 172

S91 173
S01 174
S0 172
S01 178
501 177
so: 178
sc1 179
201 180
S0: 181

561 182
€91 183
S01 184
So1 185
S0t 186
se1 187
S01 185
S01 1AC
$01 190
501 191




SUBROUTINE START
CALL CVRFLW
1000 DO 1080 J=14¢3e1
1010 A11(J)=00
1020 A1T(J)u0.0
1030 AZ1(.J1=040
1040 AZT(J)=0,0
1041 AZ1(83=040
- 1042 A2T(4)=000
1090 DO 1090  Jv142041
1060 A31(J)=0,0
1070 A3T(J)1=040
1080 A&1(J)=0.0
1090 A4T(J)=0,0
1100 EOFZ2040
1110 E0F320.0
1120 ALPHA(13=1,0
1130 ALPHA(2)=2,0
1140 ALPHA (3)52,0
1150 ALPHAIA1=1,0
1160 BETA(1)= o3
1170 BETR{2)1=¢5
1180 BETA(3)1=1,0
1190 BETA(4)=21,0
1200 RETURN
END




O

112)
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1270
1260
1
1290

1
1310
1320
1330
1340

1350¢
1360
1370

1378

SUBROUTINE READIN
DIMENSION ISGJLIB)s KALPIJ(Z0). IPPI4)

IuTECED 001 20GZ2. 0004, OONR, GNRGE. cHa?e PEPI s BPEP2

T e L %

ALPHAMERIC WORDS IN INTEGER FORM
Q0GQaz = COMP,

QQG2 =-17%08747779
QGG4e = NO

Qaos =~17997957478
QUAS = YES

0005 =-179979892234
AQL: =FORNW

QeGs = 24277826348
a0Q7 =REV

099Q7 s-10030C91312
IPP(1)= VEL,
1PELL1)Y~=-180T72721792
1PP({2!=2 RXO
I1PP(2)=-) TET4185264
1PP (3 1sPRESS,
IPR{3) 28209771673
1PP(4)a AREA
IPP(&)= -1 T4T5916912

503
s03
863
203
£03
so3
563"
$03
£-3
s03
$03
se3
803
s03

READ !13OOXQUN$1550ISRGISVOISGOIS’@!BOPOINDSUMO!DUMPCDELVPCYSTGPP s$63

FORMAT(AG813¢2E10e45

NEAD 11850 CPOP RHOOP«CTOP+« GAMMAD +CACP ¢ CUCR ¢ CMEOFCLP
FORMAT (HBE9.S)

READ- 1170 (EXTRAJ(JYeJ=1¢1841)

FORMAT (SE18,.7)

po 230 JE1418Se1

READ 12C0+ETAJ(JI) SBJ(J) e THEVJIP (J) e SHIIP(J) ¢ ENJ(J) e CXEJ( J)

FORMAT(0E1206)

READ 1220« TAUAJCUIsTAUBI(J) e TAUCU (U s TAUDJIIJ) e (SPECIKIJeRK I oRKET 0

FORMATI(AEI 2569 4A8 )

READ 12840¢MSUMJI(J) o (SOHUL(JeL ) ol =186 1) (CEJ

FORMAT!(I2.8F2¢0/78E% %)

0o 1306 J21+1SRe1

READ 129Q+CWI(I1eCZI(1)eCOT (I {XNUIIP(TeJ)ed=1320)0
(XNUTJ T o) eJ=1020) e (CATI(TaJYed=Ee20)

FORMAT (3F2,0v20F140020F1,0:20F140)

Kalce2el )

FORMAT(14¢4E18¢7 62A6‘

no 1330 Juie1SCe:

READ $340c (ALPIJITeJ)el=14]1S5%51)
FORMAT (20F2,0i

1SFR1=1SF+1

IFLISG~ISFPL) 13704136041360

READ 1170« (AGI(J)s J=ISFP1415G)
KREAD 1170¢ (A31(J)e J=12:18E)

READ 1170¢ AIT{(1)0ALI(2)4A2T(3)eA21L(2,+A21(1eATT (3
1P0Te0 - POLYe [POTal - TABLE
READ 137TBINOK . IPOT

FORMALT(213)

0Jsi)el 214801

SO03
So3
SOH3
$Q3
a3
03
$03
S03
;5065
$03
$03
503
$03
s03
S03
503

v 1307 RZAD 13!OOKF!IND(I)OAKFI(!)OBKF!(!‘OCKF!(!)QDKFX(!)O(SPECIK(QQK)Q 503

563
5032
503
{03
503
503
503
Elo)
503
S03
Sa3
503
503

Cel7

i

il




T ]
PR WY

1779 DO 1382 [R=1.NOR , 03
READ 1380+ ICOP(IRIRESTIIR)REND(IRY ] S’@;é'

1380 FORMATIIS2E1647) £G3
1381 J00P: IR)=100P(IR) +} S5
10F=f OOP{ IR} 2032

1382 READ 1170¢ (COP(IReJIe Juie]lOP) 362
GO TO 2009 383

1388 READ 13858 “TY(IR)«TPIIR): 1R=1«NOR) 203
1386 FORMATI(2E!3,7) 863
2000 WRITE (4(2001) 503
2001 FORMAT(6H] RUNISX.IHSsSHoIKR«SXs1HE 95X e IHG ¢ 5X ¢ I HC ¢ 2X1 4MBOUNDARY €563
_ 100Ds o 3X s 2HEE ¢ BX s SHOELYP ¢ 10X 1 SHY S TOPP « SX 0 4 HDUMP } Zo3
2008 IF{INDSUM) 2011:2009.2011 i £63
2009 PPP220Q02 $02a
2010 GO TO 2012 863
2011 PPP22OGAS . 503
2012 WRITE {4¢2013)IRUNs 1SS+ ISR ISFISGeISCIEP((A0P) +PPP2(DELYR s vETOPPSOD
- i JlDUMP 853
2013 FORMAT(IXesAS0150Q 160X cABs8XesABICX01P2EISsTesXa11) $63
2014 WRITE (4.:2018) $63
2018 FORMAT(1HO 18X 4HCPOP 113 JHRHOOP o1 1 XeaHCTOP 10X $63
1 AHCUIOD s LOX s SHCMWOD o 1 1 X e IMCLEP )Y 503
2018 WRITE (4201 7)CPOPsRHOOPCTOR CUOP ¢ CHWOP,CLP 503
2017 FORMAT (1PBE1Se7) sSe¢3
2018 YRITE (4¢2019) (EXTRAI(I)edmle B,y 1) $03
2019 FORMAT(1SM0O CONTROLS AND; 1PZE[S:7) 5563
2020 YRITE (3420211 (EXTRAJ(J e Jd2601041) 503
2021 FORMAT (1%H CONSTANTS 2 1PSEL1SeT) S03
WRITE (4:3000(EYTRAJII)e Js1141%a1} ] $02

3000 FORMAT (1S5Xe1PSE1S,7) $o02
2022 WRITE (42023 £03
2023 FORMAT(IHO o1 I1Xs 1HJsBXeOHETAJs 11X eIHSBUs L IXsOSHTHEV.UP +IX ¢ SHSHJIOR o 1 1 X503
19 3HCNJ e 12X « HCXOU) $03
COUNT=1140 503

2024 DD 2028 J=1e13%e1 503
WRITE (4:202F)JeETAJ(I) eSBI(JIsTHEVIF(J)oSHIOP(J) s CNJLJ Y1 CREI(S) 593

2025 FORMAT(11Xe12e2X01PGELIB,T} So0a
2026 COUNTaCGUNT+1,0 803
2027 CALL LCOUNT $03
20268 CONTINUE S03
2029 WRITE (4+2030) S03
2030 FORMATC(IHO s 11X e lHIs 7X 4B  AUAJ¢ 10X o SHTAUB e IOX e SHTAUC Jo 1 OX s SHTAUDJ » 63
113X THACECIESY 203
2031 COUNT=COUNT+2.0 503
2032 ZALL LCOUNT 503
2033 DO 2038 JU=1,4,158+¢ 803
2034 WRITE (4+2035)JeTAUAJI(I Yo TAUBJIIJ) o TAUCI (S s TAUDJ (I e (SPECJIKS03
1¢CJoeK) e Kmlvgel) 503
2035 FORMAT(11Xe12+:2X¢1POE1S4T7+4A6) 503
2038 .COUNT=COUNT+140 £a3
2037 CALL LCOUNT 803
2038 CONTINUE %03

IFCIPOTNE, 0} GO TO 1385 73
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2039 WRITE (4,2040) 83 107
* B2CR0 FORPAT(IZONO U H 8641 2 3 & 8 & 7 8cEJP 2 2 883 g8
1 £ ] & 7 -] 823
2061 COUNTaCOUNTH2.0 283
. 2Caz CALL LCOUNT 503
2063 DO 2050 Jmie]S55s1] 85063
2044 DO 2085 L=leBel 803
2048 1560 (L)sSGJIL(Jol) 623
2048 WRITE (442047)JeMSUMJ(J)e (ISGILIL)elml+Tolde $03
1 (CERPN(JeldslnteBes]} EL k]
2047 FOQMAT(!S&1202X08!30F5et019751205) 03
2048 COUMT=COUNT+10 03
2049 CALL LCOUNT 503
20580 COKTINUE £03
2089 WRITE (442060) 803
2080 FORMAT(106HO 1 Wl Zi Dt NUISP o 6 11 16 HNUSS3
i 114 8 5 &6 11 io CAlJ 1 & 11 16) 203
1 206] COUNTSCOUNT+240 $03
2062 DO 2066 1=21.1SRs1 583
2063 DO 2066 Jnle1S5Se!l $03
2084 NUIIP (1 eJ)=XNUIJP(TvJ) L 708
2068 MUTJ(TeJ) sXNUTJI(T:J) 263
2066 ICAIJ(14J)aCALIC(T e ) $93
2087 DO 2073 I=3¢1SRe1 863
2068 NWI=CWI(I) $03
2069 NZ1=CZI(1) £0%
2070 NOIsCDI(1) S03
2071 ¥RITE (4¢2072 31 sNWI sNZIaNDI ¢ (INUTJIP(T 010 21420 ol e (R J (802
1TedioJm1e20 eidei{iCATI(TedToduln 2Cs i} 203
2072 FORNAY£3X0lZoZXt1292X012c2301209X0511012951101X051101X|5ii09X95110503
llXoSlileo5!lalXoS!106205!!|1X05!!"1X051101805!l) 03
2073 COUNT3COUNT+1e0 $063
E 2074 CALL LCOUNT 533
ZG73 CONTINUVE $03
2076 WRITE (4.2077) 363
s ‘2077 FORMAT (18SHODIRECTIONR 1 06X04HAKF101!!04H3KF!!11X=5HCKF!ORIXO 203
| 14HDKFE ] ¢« 1 OX «BHREACTION) 203
| 2078 COUNT=COUNT+2¢0 803
.| 2079 CALL LCOUNT 803
| 2080 po 2089 1=t 1SR S03
: 2081 IF (KFIIND(1))2068,20B2+:2084 %063
2082 PPPIaQQG6 303
2083 GO TC 2088 %83 149
2084 PRS1=QQACT 203 180
2088 WRITE (3.2086;PPPlele AKF!(!)QBKFI(I)OCKFICISODKF!(!i . (5FEC!503 181
I YeKR] 421} 203 1852
2086 FORMAT(3INcADe2X o 12¢2X ¢ 1PAEISeT7e3IX92A6) £03 183
2087 COUNTaCOUNT+1«0 $93 154
2088 CALL LCOUNT 803 158
2089 CONTINUE 03 186
2090 WRITE (492091 ) 803 187
2091 FORMAT (10HOALPJIXK JuloTHe 1 HS8Xe2H10e8Xe 2H1 58X+ 2H2D) 803 158
2092 COUNT=COUNTH2.0 8572 189
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£33 CALL LCOUNT
2008 DO 2101 JejeISCoetl
2095 0 2096 121418801
205¢ NALRIJI1)Y=ALPIJU(leJ)
2097 WRITE (4:2098)Jc (NALPIJ(I)ei314155.:1)
2068 FORMAT(AX s 1Pe2Xe2012)
2099 COUNT=COUNT+1,0
2100 CALL LCOUNT
2101 CONTINUE
A21(4)aCAOP/CLPER2
2200 WRITE (4+2210)
2210 FORMAT(/19HOINTITIAL CONDITIONS/IHOOéX!HYciQXlHAoSQXIHT!IQXIHPtSSXr
1 3HRHO + I SXTHU 1 IX2HMW)
WRITE (4¢2017) AIT(1)eA2(A)+ATTI(2)eAZTI3)2A2I(230A22(120A121(3)
COUNTaCOUNT+6:0
CALL LCOUNT
WRITE (422203 (A31(J)eJd2le1858)
222¢C FORMAT(1HO3BX2HGJ/ (1PBEISe7))
CAUNT =COUNT $540
CALL LCOUNT
IF(ISG=1ISFPRL ) 225022302230
2230 WRITE (202240) (A4l (J)sJuISFP1,15G)
2240 FORMAT(IHO +STXAHERSJI/(IPEEI1S7})
COUNT sCOUNT+SeD
CALL LCOUNT
22580 IF(IPOTeNELO) GC TO 2260
' WRITE (4.2241) IPP(IBOP)

2041 EORMAT(1M0 : 1 SXSHRANGE  3I2X8KCOD,) OF :46) 503 167
COUNT zCOUNT4+240 5§03 188
DO 2251 IR=1.NOR 523 189
10P=100P (IR) 503 190
WRITE (4¢22482) REST(IR) ¢REND(IR) ¢ {COP([RsJ) e Ju]+ [0P) $63 191
2242 FORMAT(IPE1567.3M TOE16e711H1s6EISs7e/ (35X 1P6ELS,7) ) $03 192
EL IN= {00P( [R) /641 $03 133
COUNTaCOUNTSEL IN S03 194
CALL LCOUNT 503 198
2251 CONTINUE S03 196
GO TO 2262 $03 197
2260 WRITE(4:2261) IPP(IBOP)e (TY(IR)IsTP(IR)s 8=} sNOR) £53 198
2261 FORMAT(1HO¢A0Xe26HTABLE OF BOUNDARY CONDa = ¢A696H VSe Yo/ S03 199
1 (1X2E164801X2E166801X2EL166801X2516,8)) 803 200
EL INZNOP /4 +3 803 20t
COUNT =COUNT+ELIN S03 202
CrLi. LLCOUNT 503 203
2262 RETURN S63 204

END 503 0%
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SUSROUTINE wRITE:
CINENSION Gi20)
INTEGER Z1v Z3e 24+ 2Be Z&s IT7+ 28B¢ ZPe BLNXs X+ H2¢ N30 XA

X8 XE&Es XTe NBe X9
17: Hi8s X19¢ X206

Tie SAMMA
Zi==1787038137 "7
23z EFPS
Z23xn=1T799TBATOZE
24s TVJ

Z4s-1 TOVTRIOTES
25= CHg

2521 1SGTHITO4D
Z6= [+

28625 75997955164
27s= o

2731 TOSTEER183
8= RMO

2881 TOITCE2TOTS
Z9= VEL
Z29n=1T99TSTHTHE
BLNKs

B NKs -] 79971958192

X19s Xito Xi2e X13e Xide x250“?36§

X} TO X20 = | TO 20+ RESPECTIVELY

Xj ==} 72094290, 0
Xi -=1T72262062%6
X32=1 7282982872
Ky w=]1 T2EITE068E
XBw=tT2TE837T204
Xfm=3 7293313120
XT7==) 731 009233¢
EBz~]173268630%2
XGn~] P36,J3686TEL
X10=31 088528254

X11=11033016450

X12=211200788%%

X123=1 13688612

X14=11538322388

Xi18a117061 0844

¥1&4=2§1873187780

X1 T=mi 2043984975

X18=1220742192

Xi19=t 2378194058

X20821 60266208

Gily = Xi

&i2) X2

GL3) %3

G6la) X8

eI xS

&6(6) %&

G(7} x7r

€18} XE

e{%) X9




GtiG= X190 &3 85
5t11)= X1t Sos B8
&ti2)= %12 s04¢ 88
Gtid)= %13 s5a 57
Gilain Xia sas 88
Gi15)s XuT _ Sy 5%
Gt16)= X146 : - 5864 &0
StiTy=s X177 SC4 61
Gti18)n xi8 2804 o2
G(1%)=s X19 s$0a &3
G201 = X20 S04 64
1SCP1 = 1SC+1 : spa é&8
COUNT 20,0 S04 &8

100 PRINT 101+ IRUN 04 &7
101 FORMATIAMIRUNIAGI2X s 1 HY ¢+ 13X AHDELY e 9X 4 26HT RATIO OR TYPE OF FAILURSCS &8
: 1€) 804 69
102 WRITE (4:10331RUN 508 VO
103 FORMAT (1M1 + 7X«4HRUN +AS) Ssa 7}
104 WRITE (4.105) S0a 72
105 PORMAT (1HO0+S0Xe | SHFORMAT FOR RESULTS) S04 73
10900 WRITE (4+1100) 504 T4
11 OOCFORMAT (8 YelaX ol HT 14X el HA 18X 411106 I3XIIHRHO13Xs 1 HU«13Xe S04 78

| 2HM ) S04 T6 -
1110 WRITE (491120)(Z1elolm1e1SSsl) S04 77
1120 FORMAT (B(3%eA6112¢4X)1/BIINIABII204X)/8(3XcAbI2e4X) ) S04 78

WRITE(4+102 . 304 T9

10 FORMAT(A0X.42ZHNUMBER DENSITY PER Ce Co FOR EACH SPECIES ) -S04 80
CALL SSWTCH(6+KO0OFX) sS04 81
GO TOL2000+2002) ¢KKOOOFX sS0s @2
2006 WRITE (&4¢2001)(2Seleiml+ISRe1) sCe 82
2001 FORMAT(B(2X+AB+1215X)/B(2XeABe1205X)/B(2XeA6: 125X )I/BI2NAE+12e3X)S04 64
1/B(2XeABe12+85X) ) S04 693
2002 1F{11SG=-11SFP1) 106+11%0+1150 SCa 86
1150 WRITE (8011601(Z3¢fs I=1ISFPI411SGel) spa 87
11860 FORMAT(BIZXsA61208X) 7B cAeABe[2:85X)/4(2XeAGs12e5X) ) S04 88
1170 WRITE (4¢13801(Z&4sl1¢ 1211SFP10115Gel) Soa 89
1180 FORMAT (B(2XsA6:12¢SX)/BI2X A6 128X )/8(2K A6 1245X) ) $04 90
106 WRITE (44107} S04 91t
107 FORMAT(////7/51 X1 6HEZRMAT FOR DUKMPS) S04 92
108 WRITE (4+109) S04 93

109 FORNAT(lHOoﬁXolHYol‘AXoIHT.l‘x.aMﬂWaI3X0‘HUQI3X03HRHOO‘3X9H4F'012X0 S04 94 ‘
1 IHRUN ¢+ X+ SHRICIND) S04 98
110 WRITE (491113 (Z1efelmleI5Se1) S04 96
111 CORMAT(BI(3XsASs12¢4X)/B(IXsAG:1206X27813XeA61204X)) S04 97
IF(11SG~11SFP1 13041124112 S0a @8
112 WRITE (4¢23133(22¢1s ISI1SFP14115Gs21) s64 9
113 FORMAT (B(2XeA601208X)/8(2Xe26012:3X) /412X eAC12¢5X)) S04 100

130 DO 114 J=14+iSSe1l 504 101 .
118 WRITE (401151 (JeK=0eB0e1) S04 10z
115 FORMAT{10M SUIGOT ¢ 129BX+sGHCCPJe I1Z+eOX e AHEPS Je12+¢OX s INSHIe [2¢9Xe 6304 103
THEPSJING 12 ¢OXe4HCTVIs [24BX s SHXLAMJI ¢ [2+OXe3HCYJIe12) 854 104

116 80 117 121 ¢18Re! ~ so4 108 ¢

117 WRITE (4+¢1318)(1eKale751) ‘ 504 166




i TXOQHSKFQeI&o?ﬁcQHSKQIQIZOQXQQHCNS!Q!aS
119 DO 20 I=icf5Re!

220 WRITE (441213)(26801eJe J="S5CP14188el)

121 FORMAT (B{JIYA6:12:122X))

122 URITE (4-223)

123 FORMATI120H (PARTIALS OF VARIABLES LISTED BELOW WRY ¥

i B/LINE
126 IF(I1SG-1ISFPL)1274125:4E3

1K s Z28¢BLANK ¢ Z9¢BLNK
126 FORMAT (BI3XeRAG:A8))
&9 TO 128

127 WRITE (41263 (21G (Y alntelSSe])eZT7¢BLNK+ZB1BLNL 2@ cBLNK

128 WRITE (2.103)5IRUN
RETURNM
END

125 WRITE (4+126) (230G e Inl [SFPIe1ISGeI)el21eGli)einlIRS 0!2:2?#§&§£§¥ §§$'

g2 137

522 8

&8ss 159
254 126
S0 ¥
£0a 122
S04 123




1QG7

1208

1005
1¢196

3 lg

= 3000
= 300%
= 3062
~ 3603

£ 300

300
3006

i 3007

£ 3008
. 3009
3010
3011
3012
3013
3014
3018
2018

3019

SUBROUTINE WRITE 2
DIMENSION DENN(20)

HRITE (4+1008)A15(1)eALT{2)RZT(AeRAZTLIFaAZI(R2) o ALT (1 oA (D)

FOREAT (F7/71PTEB1%:6)

ERITE (5461010)CAAT (Yot 0188641
FORMAT (I1PBE13.6)

DO 10 Js1.188

DENMI S126: 02208234431 (JISAR] (2 ) ERHOSP/CHEDD

URITE(A.,1010) (DEMNIJ) ol 183
CALL SSUTCHIGKOOOFXY

30 TO(3000:3001)XC00FX

HRITE (2+1010X(CHET T e InleiSRyLY
IF(IISG~-1ISFPI ) 3004.3002.23002

ERITE (441010 (AR1(J)s LBFISFPL1oI1SGes )
¥RITE (410103 (CTVICUYe =1ISFPYef15Gcl)
CALL SSUTCHI{S «iCOGOFX)

50 TO(3008.3019} +KOOGEY

WRITE (3¢3006)A11¢(1)¢ IRUN
FORMATUA//76%01PEL1Sa6:9X0A6)

s 3008 1I=5e18Re}

WRITE (3+41010M¢tCRIVITITo) e nlSCPI418801)
EQF3=x1 .0

COUNTsCOUNTS1 00

IF(COUNT-EXTRAJ(1 1) 301830123012
WRITE (3+3013)I1RUN

FORMAT(12H} RUM 248)

COUNT20,0

CONTINUE

CALL STOP

YPREV = A11(1)

RETURNM

END

i
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SUTHOUTINE MATRIX

oo 1002 Lagentat

Do  i802 Lialedile}
Cllell)u0,0

Mffay

IF(IISG~118FPi 11505:+:100%:100%
DU 1007 JEIISFPI 411561
C(MMR¥)IR] O

HelamM gy

0o 1012 Ju1 9 IGCe !

DO 1011 FNE 31 L1Y
Il I§Ge ] fSFe LY

CtMMo JJJI e ALPTIUSC IS o)
M i |

Do 1015 JRISCPRI 1880
C(HMeMM)Int 40

MiafiMy.

JPRN S~ BOP

S 2 IR YIuL 00

TIMX2+E8X23 =140
CLANAMXI )2l 0O

RETUARN

END




000

1001
1002
1063
1010
1020
1030
1040
1050
166
1070
1080
1020
1100
1110
12120
1130
1340
1180

1188
117C
1182
1150
1200
1210
1220
1230
1243
1280
1260
1270
1280
1290
1300
$1310

1320
1330
13ay
1350
1360
1361
1370
138¢C

§3%0
1800
i%10
L&20

C=2é

BUSROUT INE DER

MONPREFERENTIAL MODEL FOR STREARR TUBE

CALL sum:

IPLIMNDEURYI003¢ 00301002

CALL SU3S

TENMPsA1T(2)

MML.CTpALOT { TENR)

LT Pal TOPETEMP

LRR & AZ2T (2 )2CUGPECUDPARHGOD

IFLISF)Y 1200120005050

80 1190 J=1.15F01

IF(ETAI I I)-1a0) 1120+107041180

SUJBITIJ1Z2=8AJ(J) =2+ 5FXLCTHEHIO I I/ TEMP-EECNUS Y)Y

COPJIL I I22 s S+EECTRII IS

eRsJlJel40

EHI{II=2 . BETEMBLGHITI L I4EBECHI LI

&d TO 1190

AA=EXPITHEVILJII/TERR)

AAjucSH (504200 & tETAJLI)I=160)F

BA2= ETAJI)I=]140

SQJOOT(!%a~SAJ€J§_AA%QXLCT+AAE*AL06¢z¢6~1.0/A&)+§H49€J)KTEﬁ§-

EECNUNM J}

ERSMJIIaTHEVI(JIZ(AL~]1,0)

COPJS{SInAR 1 $AAZREPSI{ JIZU2RAR/TEMDER2 HEECCPJI LN

SHJ(JI=AAL RTEMPLARZREPSJ{J) +SHIO (L IHEECHIL J)

COMNTINUE

IF (ISS-IS5GP1) 136012101210

¢ 1350 JEISGPL 1581

IF(ETAJIL)=10) 128012501200

SUSOOT ()2 =SAJ{J =2 e BEXLCT+SHIO{IY /TEMP=EECNUJ D)

CCRJ{ W) n2e B+EECCRIL U

EPSJS(JY=0e0

EHICI I BSRTENMPISHIO(JILERCKI ()

GO TO 1350

AR=EXEITHEVIIJI 1 /TEHP )Y

Adle 42 B {50 $2.0 # (ETAJ{J)~1+C) 3}

ARZSETAIIS)=140

SUJOOTINIE~SAJIJ «LA1 #XLCT L AA2RALOGI1 «0-10788)+SHIOIJIY /T £MP-~
EECMUIJY

ERPSHJIIsTHEVILIY / (AA-1¢0)

CCBIJI=zAAI+AAZREDSJI(JIFB2RAA/TEMPRRR $EECCRJLN)

SHIACJI=RA1RTEMP $AA2HERSILY) +EHJIO(JISEECHS(J)

COMTINUE

IF {18CG~ISFP1)] 196D.1361+136°

CALL Suaz

Do 15480 J= 1S5FP1 s 15Cs1

BRsEXR{THEVJI(J )/ TEMP)

BRi® ETANJ)>1,0

8822 JSH#(F,04Z2,08081

ERSSIMCIIeTHEVI{ I} /{0OR-1.0)

CTVLLJIaTHEVI(JI/ALOG L(THEV I I4ARTELY ) /84T (J))

SCPJL J2=B82 +EECLPJI LI}

ﬁvdba?tJis-S&JzdawﬁszﬁxLC?+&$Iﬁﬂkﬁﬁtsoﬂ«!oOXBB)+SHJQ(J)JTEn9~

ik




abadiadenaciide o

t o CMUJ LSS

TR30 CWJ{IeTHEVI(S IS L/ CTVI IS I~ o O/TERR )

1440 SHJ(J)=BBRRTENPHES] BAST (L1 4SHIO( JI+BECHI 1 J)

- 1A80 NLAMJGJI= TAUJP{S)SCUOPSARY (1 3/CLE

1273 IF{CWJLII)1IB2001471 1820

18T7f CVJLIIrle0

1872 60 TO 1340

1820 CYJiJ) = (1 O-EXP(=CNIIIRCWI(I NI IEXPITHEV LI I/ETVIIJ) 1 =1 o B3 5
1 7 U CNJT I (EXNPICHI(I)I 1= 4018 (B8~1,51))

1540 CONTINUE

19560 CALL sUSe

1381 DO 1750 12141501
1970 DFIOLII320,40
1580 0O 18|99 Jele 18S¢1

1S90 DFIOCTIIaDFIO(TR)+BETAIIIL] + J)HSUJOOT (J)
1600 CKPI{ 1] )=EXP(=DFIG{I1))
1810 CKIC(II)I=CKPItIT)/({TEMPRCON] )## IBETA! (11))
1830 TEMF1e1,0
1640 IF(1SG-1SFP1) 1670+1650+16%0
1636 DO 1660 J=18FP1.1SGe1 ,
166C TENP] aTEMPIRCVI(IIRBICATI(T o) i
1670 SKEI{I1328KFTIINCITY #TEMP]
-~ 1680 SKBI(IT) » SKFIINIIIS / CKI(LD)} :
XXTEME = TEMP] ‘ ) :
1690 TEMPlcf 0 % |
1700 B0 1711 JUm1s1SSe1
1708 1P C(IBETIJCII+J))ITO2¢E 7001702
1702 IFCA3T(J))1710e1 71908710
1703 IFIXNULJITTeJ))1TOZ¢8 71101702
1710 TEMPI=TEMPI# (A3T(J)/CHWOP )4 IBETIJ(I]¢J)
1711 CONTINUX

G0T01720
1719  TEMPI=Go.0 SOTA
1720 CHITCOIT)a1 o0~ ((RHOOP RA2T(2))##IBETAI (1) )ATEMPY / (CKJ] (11 I¥XXTESPSO7A AT
: 1) 507 88
e EXTRAJ(4) - UPPER BOUNDs EXTRAJIS) ~ LOWER BOUND OF CHI 5074 89
: IFCCHIITI(IT) oEQc 0eC) GO TGO 1728 S07A 40
: IF(ABSICHIT(I))aLTeEXTRAJ(S)) CHITLI1)=0,0 SO7A 91
GO TQ 1726 S07TA 92
1728 (F{ABSICHITIIL))aLT. EXTRAS(4)) CHITLIT1m04C o So7A 93 |
1726 CONTINUE . SO7A 98 |-
TEND220,0 ) SOTA 93 |
IF (CZIET1331732:175241730 sova 98 |
1730 DO 1731 J=14§S8+1 SO7A 97 |
1731 TEMPReTEMP24 (DETATS(I12J141 vOIRXNUTI(TT 2 JI#AST () S07A 98 |
l 1732 TEMP120,0 ~ SO07A @9 |
IF (CWICIT)DIT33e173308738 S0TAIND i
s 3732 iF(COI(I3}11720e1 73041734 SC7A101 [
1738 TEMPI=1,0 So7A1D2 [
DO 1737 Jr14i5Se1 : SOTALI0S |
IF 1A3T(IIIITISE¢1 7351736 B0TALIGe g
ko UV I (NUIJCTITeJ) )0 T3601 7571736 SOTA108 |
1738 TEMPLaTEMPL # (A3T(J)/CHWNOP ) CENUIS(TT o b)Y S0vA106 |
C-27




1737

1740
1738
1739
1796
1800
1810
1829

1828
1827
1828

1823

a7
8
1630
1840
12380
1360

1861

i8sc
1890
1900

C-28

CONT INUE

TENMSIa LYI(II I ETEMPIR(REODPRAZY(2I 1 RENIT (1T Y + CD!(!!)*TEHPl*
{RHCIPHADT (2) ) RE2/(ALT (3 #CHWNF)

TEMP2a CZI(11)ETEMP2# (RHOOPZAZT(2) 882 /CHEOPT#2

DO 1739 JU=1SCP1+15541

COIJC I e ) eXCRABETATI( I e IBSKET LTI IRCHIT LTI PR (TEMP] +?£npz#1111413$a?ﬁ, £

CONTINUE
DO 16820 LElicMel
Do 1820 Li=1l oMl el

BtLslLl)s C(LoLL)

BIMX] +M: 120,40

IF(IPOTWNELO) GC TO 1870

1RA=]

GO TO (1823.182718258)¢« NOR
IF(AIT(1)sGT+REND(2)) 1RA=IRA+I
IF(AIT(I)eGTeREND(1)) IRA2IRA4]
MN=100P(IRA) 1

IF(MN) 183018301823

DO 1829 J=)] MN

MNI=IOOP(IRAY=J+1

FMMeMNL ~1

BIMMNL oM ISBIMXI eM1) RAL (1 )+FMNRCOP(IRAJMNL )
GO TO 96

DO 1871 JU=] +NOR

SELALTU el TeTY(UYY GO TO 1872
CUNTINUE

IRA=Y

IF(IRA:EGel ) 1RA=2

IF(IRAGGENOR) IRAsSNOR-}

BiMN] MIIZDERT(TY+s TP IRAALITLI))

Chkil SSYTCHI{& XSW)

GO TO (97.183N)eKSW

WRITE(A:S8) AIT(I)e IRABIMXI oM1 ) +DELY
FORMAT{(4H ¥ ZE16oBs6X¢SHIRA 21400XIHDF =mE166B8¢6XeAHTY TEI&QG’
BIMX2MX81= A2TI2)#A2T (1)

NN=1

17 (I186=15FP1}) 1690¢1850+185D

oo 188G JRIESFPL ¢ 115Gl
TEMP 20,0

TEMP220,0

0o 1863 11=1415Rs1

TEMPI= (CATIC(I T o JIRCATIILITeUYY/ ( ABT(UIRAZT(2)4A2T (1 )RCHI T

TENPIsTEMP1+TEMP3

TEMP2aTEMB 24+ TEMSS# (1 ,C~CHTII (11
TEMP2aTHEVJ(JIR(§20/CTVILII-1 20/ TEMP)

TEMPA2 (EPSJINIII~AATIJ) I/XLAMI ()

TEMPSe (THEVJ(JIZ(EXP(TEMPI ) =140} ~(~NICIIRTHEVI(J))Y 7/

(EXP(CNJ(JISTEMPI)=140) ~ AAT(.J) ) #TEMP]

TEMPZ » ~(oSR(CNJILI)=10)1%THEVJIJ) AAT(J))1# TEND2

BINNMI) » TEMP44TEMPSLTEMP2

NNSMNG)

De 1940 J=ISCPI+18Sel

ISR ISG-1 187+

(11))

£07A113
JOTALLE
5@7&i357
SgTALLS

SaTALI:?

SOTAI:S
SGTALL9
8074120
S07A121
so7A122
S07A123
S507A12&
S0TAL2S
SC7A126
SUTAiZY
SCTAL2R
S07TA12%
$074130
507A13!

4074122

5074133
SO7A138
SETAL SR
SOTAL32S
SOTAL 3T
SOTALI 3B
Sg7A13%
SO7A140
SOTALIAl
357A182
SOTAL1A3
SO7A144
SOTAL14S
So7AL 86
SOTALAT
S$07A148
507A149
SO7A:80
SO7A 151
SOTAIS2
SO07A133
S07A184
SOTAISS
SCTAISE
S07A1S8T
SOTALISE
ANTEIED




1910
1920
130
1ean
1953
1930
1570
[ A2l
1920
2000
2018
20295
2030
2049
2080
2060
29790
2080
2090
2100
210%

2108
“10
0
i)

s L SRR S S et bt eonrs e —— e B

TEVE 20,0
D0 1&30 1= 6 ISRe
TER-Ia TEMD] 4 COLJI{Y+J}
GlJIeME 3= TEM S (ARTE21% A2T€1Y)
TEAEL & +C
56 1970 J=1c i85t
TEMPI = TE&ET) + A3T(JI%CCPJIIN)
TEBD] = TEMP,® TSCALE
EINXY . PXZie TEMPIRAITIIS FAET(Z)
BIMYG MXI)x - {TERDI RALITIIFRA2TIZ)Y 3 FARTI2 14832
BiMAa 4MKA)= TSCALE ® A2Vl
R
IF(1156=118FP112070:2040+20a0
DO 2060 J3IISFP1e115Ge]
Lbat Ll 43
BUMXE»LLL) =-3T{NRIEYRILII=1:D)
K1Sss 185
no 2139 JuielB3at
pia] 156G~ iSF+J
s {MXA JKKK S = SMJ(J)I-(TEMPLIARIT (3)RE2FA2T (I} SA2T(2)
BIMXIMX2I=ART{Z)Y/A2T ()
BUM 3 M1 12A2 T2 /22T (4}
CALL SSWTTH(Z.RIW3)
IF(NSW3,EQ.13 PRINT 215%:227(1)DELY

FORMAT{THOAT ¥ =E12eBo ML HDY %E18.8)
CALL 3IM30L. ( BrM:4S)

CALL s5UES

RETURN

ERD

8T 1E0
soTAIS!
En7A162
SCTALEI
507166
SOTAIGD
Soralas
B0TALIGTY
SCTAIA8
SgTA S
SCTALITO
SOTALITL
HOTALITE
BOTALTS
S0VELITR
SOTALTR
SGTAL7E
SOTAYTT
SOTAITE
SOTAITS
SUTAIAD
SDTALBY
507TA182
SOTALR]
SO0TAIBS
SPTALSES
BOTALES
S YrA187
SNTALSE

7y,




6000
5001
6007

&002

6006

6008
&009

6003

6004
Y000
1001
1002
1603
toi10
10206
1030
1040
1080
1060
1070
1060
1090
11G0
1150
1120
1130
1149
11350

1160
1170
§180
1190
t209
1210
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SUBROUTINE UER

PREFERENTIAL MODEL FOR STREAM TUBRE

1E{YRREVIEC00:1000.1000

IF{ISG~1SFPLY 1000:0500106001

WRITE (4.86007)

FORMAT (BX e THNe 2o IHU 11X s ZHWE o 1 1 Xo AHWENE o ] OX ¢ SHWEVE siOR o 4HWTZE S

DO 50Ca4 U= ]SFPie15Ga!

READ 60020NYEMW(J).UTEMP(J;.wstJ)o!ﬁ!ﬁtd}.ﬁEYE(J)awEZ€iJ!

FORMAT (12+8E148¢7)

WR1TE (406006$NTEM9(J)CU?ENP(J)QEE‘J,oﬁﬁxziJﬁvwEYE(J)G WEZELS)

“ORMAT (162 1PSE 186 7T)

NYEMP (J)sNTEMB (J)+1

TEMP2=0,0

TEME3=C 0

Kt = NTEMP(U)

D0 6003 KKal ¢XiPel

XK = KX

EVJP(KK.J}alXKKm.S)*(wE(J)+€XKK-~5)*i°§EXEiJ)+(XKk -2 B)R(WEYE(J)

SWEZE(IIH{XKK~e5}) ))

IFIKK=1) 6009+:6008+6009

TEMP20=E VIR (1..0)

EVIRPLKK s J) = EVIRP (KK JY=TEMP2O

TEMPA2EXP (EVJP (KK« JI/UTENME(J))

TENP2=TEMP24EVJIR (KK « JIHTEMPA

TZMP3aTEMF I+ TEMPG

GJBAR(J )= (14587322 RTEMP2)/ {TEMPIRCTOFRH#CRO}

AIMUILI I TENPS

catiL suml

tECINDSUMYIO0341003e1C02

CALL SUBG

TEMP=AIT(2)

YiCTmALOG(TEMP)

CTEP=CTURRTEMD

eRpE o A2T(3)RCUGPR+CUDOPERMHOOP

IELISKE) 1200,120041050

DO 11580 J=1+1SF1

IFIETAL(U)~10) 1120410701120

SUJOOT(Jii‘SﬁJ(J)'ZOS*XLCT+SHJO(J)/TEMP“EECNUJ(J,

CCPIJ 122 S+EECCPRI(Y)

ERSJL.)=2060

SHJI(J )22 BRTEMP+SHIO (J)HEELCHI (D)

60 TO 1190

AASEXE(THEVJI(JI) /TEMP)

AAT=aS#({B5e042.0 # (ETAJ(I)~1,:0) )

AAZ2x ETAJ(JY,~140

SUJCOT(J)*—SAJ(J?*A&!*XLCT&AAE*QLOG(1QD'IQQ/AA,@SUJO(J!/TﬁMp'
EECNUJS (S

FREI JI2THEVIIIIZ(AA-1.0)

CCpJfJ)!Ahléﬂﬁz*EpSJ(J,*'2*§A/TEMPQ*2 +FECCPJ ()

SHJ{J)"AxQTENP+AAE*E”SJ(J)+SHJO(J)4EECHJ(J’

CONTINUE
IF (1SS-ISGP1) 136012101250
DO 1350 J=15GPL 215841

B47S
so78

078

g67a
so7e
S0TS
507

8078
$078
so78
$078
L078
s078
3078
so78
s078
sora
so'e
5078
So7s
078
5078
SOT8B
$078
$078
SGTE

- S078

5078
5078
s078
5078
5073
5076
5078
507e
s078
S078
se7e
5078
so78
5078
5078
5078
5078
3078
5078
5078
$078
S078B
$078
£078
5078
SOTH

O O e




1220
1230
1240
1220
1260
1270
i2go
1290
1300
1310

1320
1330
1340
1350
1365
1361
1370
1389

i3e¢0
1400
14198
1420

1430
1440

1260

6003

147G
1471
1472
1520
iS40
1840
1581
1576
18%0

IFPIETAItIY=100) 1880412301280

SUJGOT(J}--S&J(J}¢2:5§XLC?+$”J95JS/TEH&—QECNquJi

CCPRH I nR o B4EECCP IS

EPSIHI)yn0,0

SHJ(J)'EoSiTEN@&SﬂJOfJ)#EECHJ(J’

GO ¢ 13%0

AASEXD(THEVJ (L) /TERP)

AAL=Z oS # (8.0 42,0 # (ETAJISI=160} )

AAZUETAL(J)=140 .

SUJOOT(J)B-SAJ(J)-All‘XLCT+AA3*ALQG(1oO-laO/AA)+SHJOfJ?/TE§$a
EECNUJ()

ERSJCJI=TREVI(Y) / (AR=100%

CCPJ(J)uAA1+&A2*EP3J(J3**2*A&/TEMP*§2 +EECCPJIY)

SHJ(J)=AA I X TEND +ARAZHEPS I LY +SHIQ U DY4BECH I D)

CONTINUE

IF (18G-18FP1) 1580+1361+1381

CALL sum2

DO 1540 Je 18FP14+1SGeg

BBsEXPITHEVJ(J)/TEME)

Balm ETAJIJ)=1e0

282 BUH(S5,042,08881)

EPSJ!N(J}-THEVJ(J$/(BS-1oﬂ)

CTVJ(J)BTHEVJ(J)/ALOG((THEVJ(J)+AQT€J))/!QT(J))

CCRJI(JImBB2 +EECCPJIIJ)

SUJOOT(J:--SAJ(J)-852§XLCT+BEI*ALOGC!oO-IaO/BB§+SHJO¢J)fTE§9~

FECNUJ (DY

CUJ(J?'TNEVJ(J}*CloO/CTVJCJ)*!oO/?EHQ)

SHJtJ)ﬂssaiTEMP+831ﬁAdT(J)+5HJo¢J)+EECAJ<J)

XLAMO U= TAUJS(JISCURPRRAZT (1 Yy /CLP

TFJP(J)HIQOI(!gO/(CTVJ(J)&CTOP)*!gO/CTP-l.OIUYEMP(J))

TEMP2=0,0

TEMP3ud0

TEMPLa0,0

TEMPS=0,0

KXPasNTEMP ¢ 53

D0 8003 KK=lKXP.

TEM96=€XP€wEVJPiKKoJ}!?FJPIJ))

TEMPTaEXP (~EVIB (KK J) / cre )

?EM#BB&XP(«EVJ@(KKQJ)/ (CTYJLIIRCTOR)Y )Y

TEMﬁE-TEMPZ#EVJP(KK.J)iTEM§6

TEEPIzTERS I+ TEMPE

TEMPAs TEMPSY + TEMDT

TEMPE=TEEDY 4 YEMDS

Eﬁlﬁdtdittie937322*TEN923 £ ITENIISLROBCTOR)

IFLCW LU V1820014671 19520

CVJILS Y=L 0

GO TO 1340

CVJ(JP'(TEﬂpdﬁTEHPS)ItYEM§S§ QIMUIEI ) b

CONTINUE

CALL suma

DO 1790

DFIO(T1)1=0,0

DC 1390

JE19158843

Snys-Bz

SaTR 859
§a78 &3
L6578 a5y
SGTE 42
SO078 &2
078 &8
So7h &8
5078 &8
5078 &7
SO7E £8
3578 59
S678 78
Zareg 71
S678 T2
2978 7S
5078 P4
8876 TS
SOT8 78
zor@ 77
5078 8
878 79

SOTE g0
s0rR Ay
5078 &2
5078 83
5078 ga
3078 a%
$O7E B8
S0 87
SG75 88
5078 89
5078 S0
5078 o
8678 g2
5078 92
S076 e

T 8H78 e8

So78 26
5078 97
3078 98
go78 99
8078100
S¢7B101
sovBic2
S07H143
S078104
5078108
E07RI0S
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B

i

ié
§
§ 1589 BEIOCI1IoDF 01 II4BETATI( 1T+ )1 45UJ00T (3 CEETEIGT
T VUG CMPIIIISEXE(-DFIO(I1)) serEig
i 1e10 CKIC1SIeCRPI(I1)/( (TEMPRCONT )92 1BETAT (113} soTRISY
g F&30 TEMPI=l (0 sovBiie
£ 1660 [IF(ITG-ISFR]) 1670+16%04+1850 E07E 1}
1630 DO 1660 U=ISFPleISCe1 ‘ EBTRITE
§ 1660 TEMPI«TEMPIHCVI(JINSICATI( T+ SoTBIIE
P 1870 SKFICII)aSKFIINGIT) #TEMP; SETBILE
1880 SKBICIT) » SKFI N(IlY / eycigs 80718118
XXTEMP u TEMP] Saratiée
1650 TENPI=1,0 s0718117
1700 DO 1711 Jepel5Set S07B’ 18
1701 §F (1BETEIS(11¢J3)17024170341702 Sovsite
1702 IF(A3TC)3)17104171941710 gorBI20
1703 IFIXNUTJCTTeJ) 1170203711 41702 so7B12:
1710 TEMPI=TEMPI®  (A3T(J)/CMWOR) ##1BET 10 (11 ,y) soraize
1711 CONTINUE sosi23
GOTO1720 507812¢
1719  TEMP1=040 . So7a12s
1720 CMIT1(1I)m] (0= (RHOGP RATL2) )R IBETAI (I 1) )nTEMD] » (CKI {1 1)RxXXTEMPS0T8128
1 2078127
¢ EXTRAJ{4) ~ UPPER BOUND. EXTRAL(S) . LOWER BOUND OF CRIY So7Bigs
IF(CHIIT(II) +EQe 0W40) GO TO 1728 S078129
IF(ABSICHI T (1) el TeEXTRAJ(S)) CHIT(1])204.0 S0781230
G0 TO 1726 5078131
1723 IFCABS(CHII(IT)ulYs EXTRAU(SS) CHIT(11)=040 s¢78132 -
1728 CONTINUE S07E133
TEMP2=20,0 So7e134
IF (CZI(119)1732:1732,1730 ‘ S078138
1730 DO 1731  U=m1,188.: S078136
1731 TEMP2aTEMP24 (BETATJ (T 14041 40)9XNUTIC 1T s 03 @AIT () 567837
1732 TEMP120,0 50,76138
IF (CWICIT 1723173361734 5078139
1733 IF(COI411))1TA0+1740,1734 070140
1734 TENPls1,N S078141
00 1737 U=i.§SSe1 : so7@132
IF (A2T(J)5173641735.1735 5078143
P735 IF (NUTJ(IT2J) 3173691 73741736 , So78142
1736 TEMSI=TENPL # (A3T(J)/CMIOP ) #ENUTIC {1 ) S078148
1737 CONTINUE SOTBLaS
TERPL= CHI(T1)5TEMP | # (RHOOP#AZT (23 )5 5NUT (1 1) + COLCTI)TEMPL & S07BI4T
1 {RHOOPSAZT (2)) 842/ (A1T(3) BCHECE ) S07B1a8
174C TEMP2+ CZI{11)4TEMP2# (RMOOPSAZT 2) 15%2 /CHYOE #2 So7E149
1738 DO 17392 UsmISCP14]18S.] so7Bi=0
i739 cach:I.J:axcagsTAthzz‘J:*sxF:czryacnrre:t:ncrsapx +TEMPREATIT(J) 180781 5]
1790 CONTINUE S078132
1800 DO 1820  L=1.Mey soveiss |
1910 DO 1820  LimleMpey 5078154
I820 BiLeLly= CHLLL} SorBies
- BUMX M1 32040 SOTBISE
IFUIPOTINELO) GO TO 1870 sormisy |
IRA=Y 2078158
€0 TO (182841827+18263+ NOR Sorais9
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1825
1327
1828

1823

igze
1870

1871
1872

@8

97
28
1830
1840
1850
1840

1881

1880
1890
1200
1910
1920

19307

1540
1950
1960
i970
1980
1990
2000
2010
20290
20230
2040
2030
2050

IF(RITI114GTREND(2])) RA=IRA4LL
IF(AIT(I)oGTLRENDIT ) [RAxIRALS

M= IOORP(IRA Y=

[F(BNY 1830.1830.1823

DO 1829 J=l +MN

MNi=l OOPCTRA Y -J+)

FMNsMMI -1

BIMX] oM ;B MXT M) RATT(IILEMNECOP (IR ¢ MNE )
GO 70 %6

DO 1871 J=iNOR

IF(AIT(1)elLTeTY{UYY GC TO 1872

CONT INUE

I1RA=J

IF(IRAWEGe1 ) IRA=Z

IF(IRASGE « NOR) IRA=NOR-1

B(MX] MY I=DRERTITY TE¢IRAA1T(1))

CALL SSUYTCH{4+KSYW)

GO TO (97:1835)¢KSW

WRITE(6:FB} A1T(1)-IRABIMXIsM] ) DELY
FORMAT(GH Y <C16.8s0X¢BHIRA =]A+EXNGHDF 3E165B1OX MDY =E1648)
B(MXZ MX&) s A2T(2I#A2T(1)

NiN=]

IF (1S5G=15FP1) 189G+18560+1860

no 1880 Jel 1SFP1411SG,y 1
TEMP1=0,0

TEMP280,0

poO 1861 11=1¢1SR:1

TERPA= (CALJ(1T s JIRCOLIC T eI/ ( AST(UIRAZTI2IRAZTIIIRTHIT(TIT })
TEMPl e TEME 1+ TEMPI

TEMPZaTEMP24TENPI® (1,0-CHIT(11))
HTEME I e (BEPSJIN(II=-AAT (J) I/ XLAMI(I)
HTERB 22 (EBARJIII~ART (JY) ® TEMP]
TEMP2® = {(GJBAR(JI=-AAT(J))IRTEMP2
BiNNeMl) = XTEMP] + XTEMPZ 4 TEMP2

RMENNS1

Do 1940 JEISCP1+15S91
JJIRlI1SG=-1IGF+J

TEMP =040

0o 1930 151 41SR1
TEMPI= TEMPL + CQIJ{leJ)
Bl(JIoMl = TEMPL/ (A2T(2)% A2T(11})
TENS 10,0
DO 1970 Ju1a15S541
TEMDI= TEMP1 + AIT(JIRCCRILY)
TEMPI=2 TEMPI# 1SCALE
BiMYS «MX2)x TEMPIS#AITII)Y FA2T(2)
B IMXA JMX3tn =~ (TEMPIFAITIZIRA2T(3) ) /A2TIZ2)8%2
BiIMXA MXNG )= TSCALE ® A2TI1)H
Lil=0
IF{11SG=1 1SFP1120702040,2040

PO 2060 JxiISFRISIISGs!
LLi=lLil+1
BiMYALLL)Y mASTIJIR(ETE S(I)=160)

- EpTBladg

SOTaIET
EoTRIGE
SOTEI&D
SoTRISY
EoTEI18S
S$07B1858

suTBIeT

So7BIES
SG78369 -
SC78170
SOTBIT1
so7e1v2
$078173
SO7B174
5078175
SoTE1 7
S678) 77
S078178
SOTR1TD
SO7E S0
sn78181
s078182
S078183
s0TB186
SO781E%
so7s18s
$075187
so7e188
$078189
20678190
SoTR1SL
S678192
SOTB193
coTEi19s
so7B19s
S078196
S07B197
S078198
S078199
$078200
SG7T8R201
so78202
5078203
S078204
$67820%
s078206
2078207
5078208
5078209
5078210
se78211
s078212
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HISB= 185
o 2300

42101551

HEXn! {SG-1 1SF+t

BIMXa KKK )= SHJIJI~(TEMPISAIT(IIHRZRAZT (I} } FABTIZ)
2101 BIiMK3IMXA)SA2T(2)/A2T(1)

BIMYIHX] IuA2T(2) 7A2T (M)
CALL SEFTCHI{I.MNSYW3)
IFI(NSWIZQ.1) PRINT 210521 T(1)«DELY

21058 YORMAT(THOAT Y sE188,
2116 Call SIMSOL ( BeMiAY)

2120 CaLL sUBS
2130 RETURN
END

C-34

$mmm
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EXAHDY nE1B.B}

L07E2LR
sore2:®
surBszo
sp7BERY
so'r82es
$678223
$078224
5078223




SUERQUTIRE SUBY
1000 CALL SSWTCHIL «KOGOFX)

GO TOti001:1008) «ROQ0FX

1001 IF{IRXIND-IDUMR)Y 1002.1002.1008
1002 WRITE (2+i0u3)A1T{L JeAITIZI2+AITI{Z)1A2T I Y AZT {2} +A2T I3 eA2T{A)

i ¢IRUN IRKKIND

1003 FORMATU(S//Z7//71PTELIS. 73K e46. 186}

ECF23160

1008 WRITE (24100863 (A83T1{J)e WRi2(8%5e1)

1006 FORMATUIPBEIS:7)

FF{IISG~11SFPL) 1008:1007.1807

1007 WRITE (2+1006)1(AAT Y+ Ul [SFPIc15Ge])

1008 RETURN
END

So@
Sos
ga8
san
sos

so8
sa8
58
898
sce
so8
$08
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SUBSOUTINE ZusE

TAFEEa 2
1008 55 1001 0 JREGFEIe15Ged g8 =
§531 TAUS{JIsiTAUA J(JI/CPDISCTRRETAURI I JISEXSITAUSII I ACTERETALID 30 323 %}% ,.;’E |
BETURN re.
- k3
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SUSROUTINE SUB4
1010 DN 1018 I1=1+E5SR1
1011 IF(RKFIIND(TII13101201012:1014
1012 SKFEIIN(II}=AKFL (11 1BCTPRBERFI (T IRENP(~CIFI(TII/CTRREDRFIIIT Y}
1013 6D TO 1018
1012 TENMP1a0,0
1019 DO 108 Je1s+15%e1
1016 TEMPI=TEMP] +BETAIJI{ITeJd) # SUJDOTIL
1017 SKFEIIN(I1)=EXP{~TEMPI~CKFL ([ )/CTPRSDRFI (1)) RAMF] ([ 1)BCTRR®
1BKFY{ 1)/ (CONIRTEMP ;22 IBETAT(IT)
i018 CONTINUE
1019 RETURN
END
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SUBRGUTINE SUBS . st

1000 CALL S8WTCHII+KODORX) s
60 Tu(1001.5018)KOCOFY - &% 1

1008 IFUIRKIND~IDUMD 1002, 1002.1018 35 8
1002 WRITE (2”0033\tﬁUJﬁO‘thCﬁPJ:Ji‘zﬁﬂJthSHJMhEP&)m f o CTYIC 22831
IR INUNI NI RT QNI NI P L 5.3 TS - 8%
1003 FORMAT (1PBEIS:7TH P &
1008 WRITE (Z+1009)(OFI0(IT)oCHPI(IT)+JKICIL)aSKFITIRUING. SHFYI(81}
JEESeSKETITIIIeCHIT(Li}olIm1oISRel ) $1i
1009 FORMATIIPTELISeT) ' $i1
10120 DO 1011 Ji=1:+ISRe1 LS
1011 WRITE (2+1003)(COIJITTe)eJnISCPLeISSel) 81%
1017 YRITE {2:1003){BIJSeMl)e JuloMel) 22
1018 RETURN £11
END 311

o T - R "
R e G B o 05 g0 b o0 @ T

;ms;;@




1000
10:¢
1020
1035
1048
10%0
1080
1070
1080
14090
110G
1110
1120
1130
1140
1130

SUBROUTINE SUBS
IFOINDSUM)Y . 150018501090

00 1140 Jelol8Se1
IXXXeMSUMJ (J)
TTin0 0

TTE=0 .0

TT220,6,0

DO 1130 LetelXnKel

KY22BGH (JILIRENP{—~CEAP(JoLIAAITIZY)
TTas? v24XX2

XXTaXX2RCEALP (Jel.)

YTTi=TT1+XX1

XxA=sXXISCESP(JsL)

TT3s7T3+ Xu3

EECHUtII=TTL/TT2
EECNUJI(II=ALOGITT2/5Gul (el 5 )

EECCRJ(JYa ( TT2#TT3 ~TTI#TT1) ZULAIT(2Y & TT2) 462 )

RETURN
EnD
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501

1000
1010
1029

1030
1040

1080
1073
1852
1540
1290
18566
1570
1880
1590
1600
1501

1629
1621

1622
15630
1540
1650
1851
1660
1670

1678
1873
1574

1679

SURROUTINE TESTY
IFLIRKIND=1 310601000+:1060

tF{ IYET 11070¢°010¢1070

Do 1022 Insl1+ (SR}
CHITT(Y=CHTTLD)

1vS8T=
IE(YPREV-AIT(12)1040,1050+1040
CALL WRITE 2z

EXTESTZ1 +E~-THEXTRAI(9)

NOSAY=0

RETURN

IFCALT(L)~YPREV) 1530106061330

Do 1540 vl el1SRe!

CHEIT(It =CHIT (1)

DG iI5370 J2142001

ARI(JY=AAT (J:

A31(JYI=A3T (J)

DO 1800 J=1+301

A21(J)Y=A2T (U

AL1(JY=ALIT ()

A21(aY=A2T (&)

IF(EXTRAU(10) oEQe 0.0y GO TO 1620
1K (EXTRAJ(9)=A11(1)) «GTe EZTESTY GO TO 1621}
EXTRAJ(G)I=EXTRAJIDIFEXTRAI(10)
EXTESTR2] E-THEXTRAJ(9)

cALL WRITE 2

iF(ABS(YSAVE=-Ail{1)) «LEo EXTEST) GC TO 1622
IFI(NUSAYNEHLO? GO TO 1674

NOSAYsD

IDELXC=1DELXC4 1
IF(IDELXC=IEAT11531670.1850«18650
IF{DELY-EXTRAJ(1S))114551 41567021670
DELY=DELYREXTRAJ(12)

IDELXZ=0

CONTIHUE

IF(EXTRAJ(10}36EQeGe ¥GO TO 1676
IFC(CALI(1)4DELY-EXTRALG{D)) LCE. (-EXTEST)) GO TO 1675
CONTINUE

RETURN

DELYSDYSAY

NOSAY=D

GO0 70 1870

NOSAaYal

YSAVESALI (1)

DVYSHEVeDELY

DELY=EXTRAJ(G)=ALI(1)

60 70 1673

END

8
29
30

FEUREERE

49
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SUBROUTIRE vEXT2

R 20,9

DO 1020 Uei14188

IF(A3T{J) 1680+102021020

ERA1 = 1,0

PRINT 1010+a1T(1}) DELYaJ 4A3T(JIY
FORMATI{2E1S5:5¢15Xe1 1M GAMMA 129K NEGATIVEI1E 188}
CONT I NUE

IF{IISG~ TISFP1) 10521+103041030

DO 1060 J=IISTPle1iS%6:]

IF(AQT(J3) 1040106041050

ERRL = 1,50

PRINT 1050:A1T{1):DELYed ART(J)

FORMAT ( 2EIS.6v18Xel1H EPS ¢12+9H NEGATIVEE18:86)
CONTINUE

IFLAIT(2)) 1070107041072

ERR]I = {60

PRINT 10T7T1+21T{1)+DELY A1T(2}

FORMAT (2EiSeCe135X+20H T NEG OR ZEROE164¢56)
IPLAZT(a)) 1073¢107241075

ERR1=1 40

PRINT 1074¢ AIT(1)eDELY cAZ2T(4)

FORMAT(2E1546 435X e20H AREZA NES OR Z2ERC 'E16.8)
IFLIRK D=1) 1091108041091

IF G ABLl (AT 2)=A1T{(Z2))AA3 1 (2))~EXTRAJ(3))1091+1090+1090
ERR]l = 1.0

PRINT 1081.A1771. <DELY +A1T(2)

FOFRMAY (2B 1%:6+.8X~20H T TEST FAILEDE1Ge6)

177 (ZAR1)Y 117011701100

GELY & o3 # DT

IDELXC = O

IFAIL = 1}

RETURN

END




SURBQUT A TESTI(FLF2e 5107 £iE s
DINSHSIoN FIli 1201} 2i8 F 4
GO0 14f 121810 28 3
DEVE= (FE 11 }=FE2{IIMFLLIY gi1s %
IF{ABS(DEVE) +GTe Oeil GO TO 102 L33 g
10° CONTINUE 81 &
QETURKN 315 7
16 (FAIL=] 5198 &
FDELXC=D 515 2
DELY® ,ZRDELY 5i%s 10
PRINT 103:A1T{1)¢DELY Nl «DEVF 515 11
107 FORMAT(ZE1S.B8ei3Xe1HA1112HT e 1202001 FAILED MATH TEST -:E16.8) 813 12
RETURN 518 13
END &18 1a

|
:
;
:
|
|
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T

SR I P

SERpuTIE ovaErLY
CALL FRT( Vi, . &
- END

2is
313
3ia
516

R




1860
1080%
1002
1003
1604

T LM R

mmmﬁmmm?m drlinl g T

SUSROUTINE  LOOAmY

IFl COUNT=-S5.0) 1002, 10CG1. 10201
LOUNT=0,0

ERITE (3+102311°UN

FORKAT {12H1 RUN cA8)
RETURN

ExD
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SUBRBUTINE 3709 L 3% H

1000 (Fi211{1-YETCR}I010.10630:1630 218 Z

1010 IE(EXYRAJ(SI-AII{E}I0E01030.1020 sis 2

. 1026 BETURN g1 &

1030 IF{ISTART.FG.0) READ 1.18702 £:12 3

1 FORMAT 12) sig &

d 15TART=ISYARTHY ais T

PRINT 1083+ iRUN €18 &

iG63 FPONMATISKe6H RUN 2AGiir CORSLETED: © Ri®

1281 CORTINUE si& 1¢

IF(ISTOPMNELISTARTY GO TO 1GD (3660) Sig it

END FILE & sie 12

1040 IF (EGF33106041080.1050 £i8 i3

10%2 END FILE 3 818 14

1080 CONTINUE Stg 1%

1C84 2709 4 81& 16
END s1a 17
i o
i 1

E
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SUBROUTINE ZIRS0L (2.8KLLY 819 2
DIMENSION A(43: a3} ) st 2
NaKK 3ie 3
=i 219 A
LR B sig 2
CALL SESWTCHM((3.HNSEWA) 231@ &
IF(NSWINESLIY GO TO 1O %19 T
PRINT 3 1% B
: 3 FORMAT (1 I1HOTHE MATRIX) s19 @9
DO 4 P=ieN 519 19
& PRINT S¢(A(IP«JP} o JPx] oN1 ) 519 11
s FORMAT(/I X eBEL1G6B8¢ /711 T T 18:8)) S$i1e 112
10 Liat+! $19 13
IF(L~x)21+21:50 £19 t4
21 Xu0 19 18
D0 28 l=l.eN 319 118
IF(AL{TI+L)124.25424 519 17
286 Xul 519 118
GO TO 32 s§t9 19
28 TOWNTINUE s1g 20
o DETERRMINANT= 0 'NO SOLUTION s19 21
26 BRINT 27 Lse IRUN S19 22
7 FORMAT(SHIA(I12:18H? =2 Ty NO SOLUTION'SXGHRUN +AG69H SKIFPED 1 319 23
DO 63 1P=1.H 819 24
&3 CRINT S«lA{IPsJP)Ys JP=] N1 Ste 23
ISTART=1START+1 S19 26
GO TO 1600 (5000} Ste 27
32 IF\K=L)26+50.3% Si9 28
a8 DO 37 J=L 3N §i9 29
BA(KqJ) 519 30
Al{KeJI=A(L ) 8519 31
AlleJYaB 819 32
37 CONTINUE S$ie a3
§0 DO 41 Jel ]l N} 519 34
&1 AlLsJys AtL«JIZA(L L) S$i9 38
42 Al{L+i)® 1.0 S19 28
IF (L =M1 2028 €1 27
a3 DO 48 Isl]l N S19 38
IF(A(T:L))684,48.48 519 39
84 DO 4% JsiL] NI " 519 40
48 A{lasJdy= A(l+J)= AL «J}2A(I+L) S19 &1
48 CONTINUE s19 42
Lal! Sie a3
G0 YO 10 S19 44
B0 N2mN=- 819 A3
IF{N23151 6151 519 a6
X3 DO 60 [2=] N2 S19 &7
f=h=] 2 819 48
ti1oley 519 a¢
00 89 Jall N s1e 506
1%{A(1¢J))158+59+58 Stz 9
A A(TeNIim A(ToNI AT« TALINL) 819 82
29 CONTINMUE 519 2
Co46
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o

M

i

el

COMTINUE

IFIHEE3-MNELI) B8 TOH &

BERINT S:{8{0MH1 1. Pa] N}

FORMAT ISHORES» s TR 1828, /1 2. TE18.8) )
EEYUNN

ExD
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VLRI

i

FUNCTION DERT{XeYeleXD} 220 i
€ FONYARD GCUEGORY-NEWTON FORMULA sz0 2
DIMENAION X(1)eYI11eTRIAIZTYLD) 826 3
fisi=} SE6 &
1 #2 I &8ss 8§
DisX{fI=X{i1) 326 &
D2aX{ 12)=X{1) 820 7
IF(ABSID] 1 =ABSID2)Y) 123 s2e @8
2 DO &4 JUs={e3 s2¢  ©
Nslletl+y 820 10
TH(J) =X (N) g20 i
“ TYLJ) =Y (N) 826 12
GO 10 7 $20 13
1 0O 5 Jule2 820 14
Nellei+d $20 1%
TH(J) X (M) 820 18
3 TY (A =Y (N) s2e 17
TX(3)=X{1)2+D1 $20 18
TYCI)RYINT(XsYeleTY¥(3)) ” $20 19
60 TO 7 s2¢ 20
3 DO 6 Js2.3 s$2G 2%
Nell=14J sgo 22
TXOL) 2N 320 23
& TY{J)aV(N) $20 24
TX{1)aX({])=D2 520 2%
TY(I)eVINT(XeYeleTHLLY}) 820 26 -
% FOL1aTY(2)=TY (1} s20 27
FN2sTY(3)=-TY(2) s20 28
SD=FD2-FD1 §20 29 i
HeTX{2)=TX{1) s20 30 -
Ra (XD=TX(1))/H s20 3t
DERTS (FD1 4+ 5% (24 #R=] ¢ ) %SD)I/H $20 32
RE TURN s20 233
ERD 520 34
C=48

&

ST S e = - e e : _— . :




; FUMCTION YINTIKeY:1:XINT)

2 K= NEETON SECOND {30TS DIVIDED DISFFERENCES
i DIMENSION X1{13eVI1}

P timi=1

5 LELE L

DIe(Y (i1 )=V (EI}/ERCTRE=XNIT)

DEalIV Ll y=Y I AIN( )X L]2) Y
DE=L{D1-D23 /¢XE13 1~RI12) 5

FINTe Y11 2 AXINT=X O I B04 dHINT-XT1 IR INT-XI1 ) )23
RETUT

EnD
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DIMENSION M JBIE0+ 20 U1 {4020 ICAIJIR0  BU i+ SR IISN e I 2822
HOJEECCPIIZO I+ IBETAI (40 )« IBETIV(20¢ 203 e MUI {20 1 SPECIN {8020 &2z
b4 ALPHA{& 1 BEVALIS} 222

OCIHENSION ETAJIZ0)eSBIIR0) s THEVIPIZD) e SHUOR(2D )+ CRNII2D s CREJIED 2 S8
XEPﬁCJK(20:&7¢XNU!JP€#0130)oﬁNU!J(%OcEO}QﬂLP!JigﬁigﬁbvﬁdaﬁfQQSo 222
MAKF1{A0):BXF I (203 sCKFT(80) «DRKFI(LD 19 TAUAJ {20 ¢ TAUBJ IR0 e TAUC IS0 48285

XYAUDJI20 o EXTRAJUIS Y s THE Y J(20) o SHJO(20) S8 JIZ01+BETAT I35 box |
XENUI(Q0 )« BETAT(A0) AT TI3)eAZT(4) 2821 {20) 4RI (20)2AITIA 2 A2T (&) 332
XAITIZ20)+AAT(20)+XTAGI2C) +XIAZ(20) SXIAZ{4) +BlAT4%5),8UJ00TI20582
XI:CCRUIZ0IERPSJ{R20) e SHIIZ0) +EPSIINIZO I CTV IR0 o CWIIZO) « XLAMI (26 ) 4 322
KTAUUR (2016 CVUTE 14C{8T:85)CAIJIR0 20 1o CHIT(40)3KSI1(R0) ¢ SKF] IN(LOSERS

My eSRFI{50)CkILDIIKPI(40)«DF 040 S2g
DIMENSION CHIITIAG tMSURJI20)SCUL {208 ¢CEILPI{20:8)+¢CHI(A0 Saz
XCZT(A0Q)IsCATLA0+20) sKFTIMND (&0 ) CEJLPX(2G:3)1CD1(40) 522
DIMENSION &11C(R)sRZICIA)¢ABICI20I¢ARICI202AITI(3) 22T ), 522
T AST1{(2054A4T1L20} 522

COMRMON [RUMI ISR ISS e ISFe1SG+ ISCe ICON INDSUM, | DURP s DEL YR s ¥STODE 5 S22
ICQOQORHOOP@CTOPQGAMM&Q‘CHOtCUQPvCHHOPOCLP!EXTRAJQETAJQSBJQTH&VJPO 22
ESHJOR W CNJ CXEV+ TAUAJ e TAUB U« TAUC s TAUD J o SPEC UK « MSUMU s SGUL e CEJLPXe S22
BEIORPICHICZT o COI e MNUT IR o XNU T Jo CAT e KF T IND 9 AK 1 o BEF I ¢ CKE T ¢ DT 1 o S22
ﬂgﬁsCiKQALﬁlJ'CCPJQEECC@JOEECHJGEEﬁNUJOEpSvaHJOSUJOOTQTHEVJCCTVJ; S22
BEVIeCHLsEPSITHsTAUSR s XLAMY e BETAY +BETAYJeC T CKPI cCOLJaDF I IBETAI ¢ 522
SIBETIa ICATISRUT o NUTJINUT IS o SKBT o SKEF 1o SKFETING XN CHI T2 CHELT, 522
TANIANENBRN sSNFNZ+CORB : CHOB « CHOOJHIRD AL PHAIBETA«CONL CF L D CROs S22
BEAVe SO TSCALE e ACEOF 2o B A IEX T L a XB e o ¥STOR JIST 4 I ISG. 150D, 522

PIISFRIISFPL s ISGPT o MeM] oMX o MX 1 e MX2 0 MX D s MXE o XS sz22
COMMON COUNTCPPsCTR e TEMP o XLCT o YPREV s TRATI Ve DELY W IDEUXC «IFAIL ¢ Bz2
PIRKIND B eC AL IsA2T A1 4ASTcAIT+ART AT AAT X IA2eX{A3XI1AS s22
COMMON CATP< IBORP:NOR 1008 (3 ) RENDI3) ¢REST I35 +COPI3¢25) ¢ IYST &z22
TGO+ ISYART s IPOT«TYLI00}eTP{100) 52z
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